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Summary 


CALLEN, К. A., 4 Терғово, К. Н. (1976).—New late Cainozoic rock units and depositional 

environments, Lake Frome area, South Australia. Trans. R. Soc, S. Aust, 100(3), 125-167, 

31 August 1976. 

Five new rock units are defined for the Lake Frome area of South Australia. 

The Namba Formation of Miocene age constitutes fine grained immature muddy sediments 
laid down in a low-energy fluviatile and lacustrine environment, possibly partly estuarine or 
lagoonal. Climate was subtropical or warm temperate with high rainfall, but seasonal aridity. 
Aphanitic oolitic lacustrine dolomite and palygorskite are included in this sequence. The 
Flinders Ranges had very low relief. The overlying and intertonguing Willawortina Forma- 
tion represents alluvial fan deposits with minor lacustrine phases, recording the beginning of 
the late Cainozoic uplift of the Flinders Ranges, during which the Miocene lake was greatly 
reduced in area, 

The Millyera Formation, constituting laminated astracode bearing clay, fine sand, and 
charophyte limestone, records lacustrine deposition during the Pleistocene. This took place in 
ап enlarged ancestral Lake Frome. The essentially Aluviatile and aeolian deposits of the 
Eurinilla Formation and Coonarbine Formation were deposited during the late Pleistocene 
and early Recent, And and pluvial climates alternate in the late Tertiary and Quaternary. 
Drainage trends and the predecessor of Lake Frome were established, closely approximating 
present day geography. During deposition of the Coonarbine Formation the seif dunes of the 


southern Strzelecki Desert formed, 


Intredaction 

Mapping on the FROME (Callen 1975), 
and CURNAMONA  1:230000 geological 
sheets has resulted in ditferentiation of several 
Tertiary and Quaternary rock units which can 
bc traced throughout the Lake Frome area 
(the region south of Lake Callabonna between 
the Flinders, Barrier and Olary Ranges). The 
Eyre Formation has been defined previously 
(OWopíner et aj. 1974). It lies immediately 
benesth the units described here for the Lake 
Frome area and can be recognised over a 
much wider region. The other units are at 
present restricted to the Lake Frome region, 
though correlation with units elsewhere, 
especially in the Lake Eyre Basin, is generally 
possible on a firm basis. 

There was a low divide between the deposi- 
tional areas of Lakes Frome and Eyre, sug- 
gested by the distribution of arenaceous 
material in the Miocene rocks. The develop- 


ment of this divide is clearly described by 
Wopfner (1974, p, 6). Thus the Lake Eyre 
and Lake Frome areas formed two distinct 
depositional basins during late Tertiary times; 
different sets of formal names are used for 
rock units in each. In late Tertiary and 
Quaternary times the Flinders Ranges achieved 
their present dimensions, completely separating 
the two basins by a range of mountains. 

This paper describes five rock units requiring 
formalization under the Australian Code of 
Stratigraphic Nomenclature (1973), com- 
menting on the paleo-environmental inferences 
to be drawn from them. The nomenclature 
supersedes that shown on the FROME geo- 
logical map, relationships between units now 
being on firmer basis. The paper is divided 
into: two parts, dealing with essentially Tertiary 
and Quaternary units respectively. New geo- 
graphic names have been formalized with the 
Geographic Names Board of South Australis 


+ Geological Survey of South Australia, Box 151 Eastwood, S, Aust, 5063. 
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(pers. comm. 1973) and are designated with à 
superscript wherever they first appear, thus: 
Lake Namba* Geologic names have been 
cleared with the Central Registry. (Canberra, 
1973). The paper derived from a report by 
Callen (1974)3 and an M.Sc. thesis (Callen. 
1976)2. Additional stratigraphic data may be 
found in this thesis. 

Previous work includes the early geological 
surveys of Selwyn (1860), Brown (1884) and 
later of Jack (1930) and Kenny (1934), More 
recently Ker (1966), Krinsley er al. (1968) 
and Draper & Jensen (1975, in prep.) have 
reported on hydrology and geology. The mar- 
gins of the basin have been the subject of 
regional mopping programmes by the South 
Australian and New South Wales geological 
surveys, оп 1:250 000 scale. Relevant to this 
report are Leeson (1967)?, Firman (197114 
and Coats (1973). A detailed basin study of 
the older unit NAMBA FORMATION is in 
progress and will be reported at a later dale. 
A preliminary account of the stratigraphy 1s 
presented in Callen (1976), which gives the 
structural and tectonic setting, 

The terms used to describe the sedimentary 
rocks are those of Folk er al, (1970), unless 
indicated otherwise, Colours are given sym- 
bolicallv in terms of Munsell Colour Code 
(Geological Society of America. 1951). А 
relutive scale was used for designating the 
thickness of cróss-bedding, as follows: very 
small «| cm, small 1-5 cm. medium 5-50 crm. 
large 0.5-2 т, very large 22 m. In the 
designation of contact features, core width 
plices a limit on the interpretation, as it does 
on maximum grain size: cobbles and boulders 
are interpreted from the proportion and shape 
of fragments ground down and broken hy the 
drilling operation, and nature of petrophysical 
log response 

The older units ( Pr 1) were described mainty 
from bores, the younger (Pt 11) from outcrop 
Knowledge of the younger units was derived 
trom detailed investigation of over 100 
trenched enlerop sections, Where possible 
units were traced between sections, Fossil soils 
were an aid 10 stratigraphic Interpretation. 
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The location of the sections is shown in 
Fig. |, Tables | and 3 sammarizing rock unit 
properties, palaeontólegy and gtomorphology, 
Svmhols are in Fig. 2, 


The subsurface sections were studied from 
cores derived from bores drilled by the South 
Australian Department of Mines and private 
companies. Some percussion and rotary curting 
were used to assist correlations, hut those 
utilized for type sections were cored continu- 
ously, and are available for inspection at the 
South Australian Department of Mines Core 
Laboratory. Petrophysical logs were run in all 
cuses, The lithological descriptions were sup- 
plemented by binocular microscope examina- 
tion, and clay (x-ray diffraction) and grain 
sige (steve and pipette) analyses were per- 
formed hy Drs R, N, Brown and B, G 
Stevenson respectively of the Australian 
Mineral Develapment Laboratories, 


The text is regarded as a supplement to the 
diagrams and tables, descriptions in Tables 1 
and 3 should be read first. Complete descrip- 
tions of each section are given in the appen- 
dices, wherein the sequences are described as 
they occur оп the earth's surface—i.e. 
youngest at top, oldest at base. Depths to the 
top of cach unit or bed from the bore collar 
are given. and the thickness is placed at the 
start of its description, Jn cach unit. descrip- 
lion of the dominant lithology ts capitalized, 
followed by qualifying descriptors referring to 
each lithology in the same order. 


Division inta units in the reference scctions 
is Intended as an aid ro identification of the 
appropriate intervals in the descriptions (Sec- 
tion 12, Fig. 3), not a formal subdivision, 
Core loss 15 indicated in the bore logs (Fig, 3 
sections 10, 11 & 12). 


Pt. 1—Oflder Cainozoie Kock Units 


A general definition of cach unit giving 
salient Features, age and geomorphic setting is 
presented. іп Table 1, representative sections 
in Fig. 3. Appendix | gives detailed desctip- 
tions of individual он 


L Callen, Б, А, (1974) —New Rock Units апа Climate of the Cainozoic, Lake Frome area, South Aüs- 


tralia. S. Aust. Dept. Mines Rept. 74/75 unpub. 


+Callen, К. А. (1976).—Stratigraphy, sedimentolozy and uranium deposits of Ternary rocks, Lake 
Frome area, South Australia. M.Sc. thesis, University of Adelaide (unpublished). 


* Leeson, В (1967) —Geology of Balcanoona 1:63 360 map area. S. Aust, Пері Mines Repl. RB 64/92 
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‘Firman, 1. В, (1971)—Regional stratigraphy of surficial deposits in the Great Artesian Basin and 
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Fig. 1. vod map, Lake Frome area—location of type sections. Numbered sections shown in Figs 3, 
, 15, 
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Fig. 2. Legend. 
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LITHOLOGY 


NAMBA FORMATION (Derivation, Lake 
Namba*, CURNAMONA map sheet. “Namba” 
is the Jadliaura abonginl tribal word for bone- 
fish). 

The type section 15 Yalkalpo No, 1 bore 
(section. 12, Fig. 3) drilled by the South 
Australian Department of Mines, Though not 
typical in some respects, this is the only section 
demonstrating the relationship to the Eyre 
Formation (Appendix 1). The sequence is of 
reduced thickness (56.60 m) compared with 
that of the reference section іп Woaltana No, 
1 bore (170.09 m, Section 11, and Appendix 
I, excluding unit 4 which is 68,26 m thick), 
Section 11 also contains а microflora important 
in Lhe age determination of the unit, The most 
extensive outcrops are on the west shore of 
Lake Tarkarooloo* (Fig. 14), where 26 m 
аге exposed, and at the south and north ends 
of Lake Namba (eg Section 8, Fig. 15). 
These are unsuitable for designation as type 
sections, as only the uppermost heds are 
represented. 


The type section consists of a series of 
сусіс sand/clay sequences in the lower part 
totalling 32 m of mterhedded yellowish silt 
and dark grey or olive clay. This ts overlain 
by 24.8 m af burrowed yellowish silt and 
intraformationally brecciated light olive clay. 
The cyclic sequences constitute the following, 
from the base of cach set upwards: 
fa) Fine to mediym-grained sand with small 
to medium scale cross stratification. 
Laminated sili to very fine sand with very 
small scale cross-lamination. 

A zone of dolomite or calcite patches ог 
a bed of dolomite. 

^ relatively thick dark grey clay with 
irregular shiny-surfuced fractures {skew 
planes of Brewer 1964} and scattered 
patches and wisps of fine to coarse sands, 
in which grains are polished, 

In this sequence (a) and (b) may alternate, 
or either (3) ot (b) may be absent. Unit 5 of 
the type section represents a relatively com- 
plete eyele; 
170m Alternating CLAY and SILT to SAND. 

Sand very fine grained moderately sorted. 
percentage increasing upwards. Grains 
very angular, with crystal faces developed 
оп quartz. Becomes calcareous al top. 
Bedding lenticular, with sedimentary 
hrecciation and possible burrowing 
uclivity. Obscure horizontal lamination at 
іар. 7% carbonate grains, rare mica, 
Coloor 5Ү0/! mottled IOY R6/5. 


(Һ1 
іс) 


(i) 
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075 SANDY CLAY. Vertically streaked tran- 
sition zone from sand to clay. Fine sand 
forms streaks und patches in clay, Very 
poorly sorted medium silt, with modes in 
clay and very fine sand sizes. 

CLAY, black (5Ү1/1) and tough, with 
characteristic irregular — shiny-surfaced 
fractures, «nd sircaks af white carbonate. 
Mottled with orange brown colours which 
suggest ап irregular microstructure. Мапу 
brown patches have well defined straight 
boundaries, producing angular blocks 
with dendritic or patchy internal struc- 
іште. Unoxidized clay in these blocks js 
ercenish grey. Scattered patches of silt 
and very fine sand are present. Upper 
contact sharp, but disturbed, with partial 
mixing into overlying sand, 

The burrowed sill is very finely laminated, 
but this is often disrupted by burrowing, Very 
fine sand sized material is the coarsest grain 
size encountered. Colours are mainly yellowish 
grey to vellowish-white for silt or light olive 
for clays, having a greasy lustre. Fractures do 
not resch the degree of development of com- 
parable siructures in the black clays of the 
lower part of the sequence. 


4.10 m 


The burrow structures are а few millimetres 
in diameter, containing convex-dawn lamellae 
usually less than 0.5 mm thick. They are 
irregular and often branch, tending to be con- 
cenirated in certain horizons. Many of the 
homogenized clays have а churned structure 
suggestive of bioturbation, 


The top of unit 9 marks the last appearance 
of the tough black clays charactenstic of the 
lower part of the formalion (Fig, 4}, Fre- 
quently alunite (KAlI4(SO,),(OH)4) is 
developed as lustrous white particles or patches 
within the clay at the top of this uhit. Above 
unit 9, silts dominate over clay, and burrows 
(Fig. 9) are more common. 


The outcrop at Lake Tarkarooloo (section 
13, Fig. 14) ıs situated on the western cliff 
face, immediately north of the track-crossing, 
un the route from "Frome Downs” to Black 
Oak Bore, The lower part of the section is a 
few tens of metres south of this track. The 
Iwo parts were correlated using continuously 
traced bedding planes, and levelled with an 
Abney hand level. The strata are essentially 
horizontul, as are those in the type section. 


Notable features of this outcrop are the 
interbedded gypsum nodules in the upper part 
of the seclion, the presence of ostracode- 
bearing oolitic dolomite associated with paly- 
gorskite, burcowed fine sand beneath the upper 
clay-dolomite sequence. the finely laminated 
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calcareous silt near the base of the sequence, 
and the sharp contact with the upper tough 
black clay, ‘These features, particularly the 
last mentioned, are useful in correlation. In 
section 12, the petrophysieal logs indicate the 
interval between units 12 and 13, which lacks 
core, is probably silcrete, calcrete or dolomite. 
The absence of palvgorskite beneath it suggests 
it may not be dolomite (this clay mineral is 
invariably associated with dolomite elsewhere 
іп the basin]. A turtle shell fragment їп unit 
10 supports a lithological correlation. with 
section 8, if the black clay and ?dolomite are 
also correlated, but this is not in agreement 
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with the clay mineralogy. Section 13 shows the 
typical dolomite—palygorskite association, and 
trend towards illite domination in member two. 

Typical of the Namba Formation outcrop 
are the brown chert nodules which cover the 
breakaway slopes, and black manganese oxide 
conling on the grains in sand heds Miera- 
scapically, the chert nodules have structures 
indicative of shrinkage and formation from 
accretionary silica gel. The black stain as man- 
ganese, Both these secondary effects are local- 
ized, occurring in sands cropping out àn the 
banks of stream valleys eroded in the Namba 
Formation, prior to the deposition of the 


Figs 4-9. Older units, Examples of Namba Formation lithology. Scales in mm and cm, Core sections. 
Arrows point 1o top of section. 


Fig, 4 Section 12, Yalkaipo | bare, 125.00 m. Core, Dark grey clay with streaks of carbonate, 
darker and lighter clay, and sand, some filling burrows or raot holes. Vertical disposition of 
patches wWell-displayed, Represents swamp deposition or a lake deposit which has been subject 
10 subaerial exposure. Centripelal orientation of sireaks is result of expansion of clay аз it 
enters the cure barrel. 

Fig. 5 Section 11. Wooltans 1 bore, 218.68 m. Section through core, showing upper contact of 
laminated dolomite bed, Shrinkage and cracking of the dolomite has occurred, allowing pene- 
tration of the semi-fluld overlying clayey lime СС]. Represents chemical sedimentation in a 
lacustrine or marginal marine environment. Boundaries of carbonate fragments and laminae 
emphasized by inking, 

Fig. б. Section 11. Wooltanu 1 bore, 58.72 m. Core. Calcarcous claystone with numerous bureiws in- 
filled with green-grey clay. Irregular shrinkage crack (C) has been infilled with semi-liquid 
clay which carries carbonate particles. The clay-filled crack is itself burrowed. indicating 
genesis soon after deposition, Represents combined chemical and detrital deposition in a mar- 
ginal marine lagoon or lacustrine environment, with burrowing organisms. 


Fig. 7. Section 11, Wooltana 1 bore, 122.00 m. Core, Fine lamination with typical alternation of sili 
and sand, Very fine scale trough cross-lamination. Quiet water deposition (migrating ripples! 
in а tidal, lacustrine or floodplain environment, 
Fig 8. Wertaloona 1 bore, 152.00 т. Arvaldile peel of sectioned core, Typical example of small scale 
cross-lamination in medium grained sand, partly disrupted by burrowing in upper part. Clayey 
laminae alternate at base, Relief coincides with porosity, though affected by varying thickness 
of core across section, Cross bedding formed by ripple migration, іп un offshore bar or 
channel, 
Fig 9. Section 12, Yalkalpo 1 bore, 22.61 m. Core. Тор of bedding planc. Shows burrows along bed- 
ding plane, with concave internal lamination (E). Represents quiet water deposition with bur- 
Howe organisms, 
Figs 10-13. Oulcrop of Numba Formation and Willawortina Formation, core of Willawortinn Forma- 
Hon; 

10 Vertebrate fossil flout from the Namba Formation of L.Yanda on Eurinilla Créék. Vertebra on 
far left (D> is riverine dolphin, on its right (L) are lungfish teeth and two fish spines (F} 
In centre (T,C) are mainly crocodile scutes and turile plates. A fragment af bird bone (B) is 
on upper right corner, From bose of upper unit of Namba Formation, Scale 30 cm. 


Fig. 11. South end of Lake Namba. Typical outcrop of Namba Formation. Gypsum nodule capping 
(G) overlies thin nodular dolomite (white: LS), Greyish olive silty clay (grey) occupies mosi 
of section, Grassed white bench at base of slope is very fine grained laminated sand (S). 20 
em scale resis on upper contact in trench, Outcrop surface is covered hy gypsum nodules and 
rei by clay, Sand represents channel or floodplain deposition, clay and dolomite probably 
acustrtne. 

Fig. 12. Baleanoonz Ck, Willawortina Formation. Calcified medium: croxsbedded sand lens in cule 
сагеоиѕ reddish brown very poorly sorted clay-sift, Note thin. bedding іп silt, Sand lens repre- 
sents deposition from higher powered streams, fine sediments are floodplain deposits, Scale 30 
cm. 


Fig. 13. Section 10, WC2 bore, 68.75 m, section of core. Willawortina Formation shows large pebbles, 


granules, very coarse silty and clayey sand. Extremely poor sorting. Represents deposition in 
an alluvial fan environment, Scafe in mm. 


Fig. 
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Millyera Formation and Eurinilla Formation 
(new names see Pt. II). 


Wooltana No. ! bore (Fig. 3, Section 11 
and Appendix 1), drilled by the Australian 
Department of Mines is an important supple- 
mentary section, exhibiting a thicker sequence, 
lithologically more typical of the Namba For- 
mation than the type section. It also demon- 
strates the intertonguing relationship with the 
Willawortina Formation (new name Pt. 1). 


The base of the Namba Formation was not 
penetrated, though cuttings from old Pootana 
bore (Fig. 1, 50 km north-north-cast of Wool- 
tana No. 1 bore) indicate a total thickness of 
190 m. This compares with 54.40 m in Yal- 
kalpo No. 1 bore (Section 12). The sediments 
have been divided into six informal units. The 
lowest of these (unit 1) consists of 8.5 m of 
laminated black and dark olive carbonaceous 
clays with characteristic fauna and microflora 
(discussed later). Laminae containing ostra- 
codes of early Neogene aspect (including 
cypridids—pers. comm. K. McKenzie 1973), 
and fish spines are present. Protoconchs of a 
small gastropod (Potamopyrgus s.l., see Lud- 
brook 1972) 5, are scattered through the clay 
and ?gastropod tracks and burrows of other 
organisms are common on bedding planes. 
These sediments are restricted to the Poontana 
Sub Basin west of Lake Frome. 


Unit 2 (40 m) is dominated by white, fre- 
quently oolitic, dolomite beds (Fig. 5) con- 
taining characteristic branching pores 0.5 mm 
diameter, alternating with clay, and sometimes 
interbedded with silt and fine sand. The car- 
bonates have unusual transitional or irregular 
upper boundries: in some beds spherical zones 
delincated by colour variations develop, which 
pass upwards into discrete carbonate lumps 
within the matrix of overlying unit. These are 
thought to be diagenetic features associated 
with lithification possibly resulting from inter- 
mittent exposure. Other beds (Fig. 5) show 
shrinkage cracks, into which the overlying 
clay penetrates. Particles of carbonate are 
included and flow lines occur, indicating 
liquefaction resulting from thixotropic trans- 
formation. The lack of rounding of the clasts 
derived from cracking, and gradation to un- 
cracked material, suggests sinking of carbonate 
plates into underlying liquid clay. The cracking 
may be a syneresis phenomena, which occurred 
during or shortly after deposition of the over- 
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Fig. 14. Namba  Formation—outcrop reference 


section. 


lying clay. Occasionally the clasts have been 
rounded, and incorporated in the overlying 
unit: current or wave action has been effective 
in some cases. Other beds show wispy car- 
bonate and clay intermixed at the contact, 
interpreted as flame structures which have 
transformed by thixotropic changes, to flow 
as a semi-iquid. Bioturbation is frequently 
associated with these structures, and is com- 
mon throughout (Fig. 6). 

Unit 3 (49.7 m) is very similar to the lower 
part of the Type Section (section 12, units 
1-9), exhibiting similar cyclic deposition, in 
which cross-stratified sands (Fig. 8) grade up 
into tough black clays with pockets of medium 
sand, often with polished grains (see descrip- 
tion of unit 4, section 12). The black clays 
are identical to those in section 13, Fig. 14. 
Analyses showed the black colour does not 


5 Ludbrook, N. H. (1972). Age and environment of deposition of a sample from Yalkalpo No. 1 Bore, 
Lake Frome area, South Australia. 5. Aust. Dept. Mines Кері. RB 72/207 unpub. 
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result from anomalous concentration of car- 
bonaceous matter, sulphides or manganese. 
Tron-nich montmorillonite or humic acid stain- 
ing are alternative explanations. A bed of 
dolomite or limestone nodules is often present 
at the contact between the sand and black clay, 
Lamination (Fig. 7) is generally not as pro- 
minent яз in the equivalent strata in the type 
section, and the sand beds are often burrowed. 

The cross-bedded sand sequence of unit 4 
(49.2 m total thickness) grades up into a 
uniform olive clay with churned structure, The 
sand bed is a prominent horizon west of Lake 
Frome, and is being prospected for sedi- 
mentary uranium of the geochemical cel] type. 
The dark sandy clays with skew planes аге. 
rather weakly developed in this unit. 

The upper carbonate horizon, unit 5, is 
23,7 m thick. has a much higher proportion of 
clay than unit 2, айа is intensely burrowed. 
Sedimentary gypsum laminae are present. 

The uppermost part of the section (unit 6) 
in which the Namba and Willawortina Porma- 
Uons intertoangue is more conveniently des- 
cribed when discussing relationships between 
units, 

The Namba Formation has been broadly 
divided into two informal members (1 and 2) 
of regional extent, on the basis of the presence 
от absence of Ihe tough black sandy clays with 
skew planes. The lower member (e.g. untts 
1-4, section 11, Fig. 3) 15 characterized by 
these clays, and cyclicity is more prorninent. 
It was later found that this subdivision closely 
coincided with the change from smectite to 
ihte-kaolinite dominated clay mineral suites 
(inset, Fig. 3), except in Yalkalpo 1 bore 
(Бір. 3, section 12), In this bore it is uncertain 
whether the dominance of smectite throughout 
the sequence fepresents a local variation in 
clay mineralology or whether the upper part 
has been wrongly assigned to member 2 
(which may һауе been eroded). The 
mineralogy in Yalkalpo 1 bore is remarkably 
uniform, smectite almost the only component. 
The higher proportion of silt is also unusual. 

An interesting, varied vertehrate fauna is 
found in the upper part of member 1 and the 
base of member 2 of the Namba Formation 
іп various small saltpans southeast of Lake 
Frome, in the vicinity of Eurinilla and Billeroo 
Creeks, One of these Iccalities is at Lake 
Pinpa (Scction 8, Fig. 151. 


WILLAWORTINA FORMATION  (Deriva- 
timm—Willawortina Creek, passing south of 
"Wertaleona" on the Balcanoona High Plains. 
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in the vicinity of the outcrop reference sec- 
пол). 

The type section for this unit is Western 
Nuclear's sedimentary uranium test hole WC2 
(Fig. 3, section ID and Appendix 1) cored 
from & m to base, The hole was drilled on the 
uplifted plains flanking the Flinders Ranges, 
near Paralana, where a continuous sequence 
uf coarse poorly sorted sediments is encoun- 
tered. A detailed division is not possible as а 
result of moderate recovery and gradational 
contacts. Three members are recognized, mem- 
bers 1 and 2 (16.4 m and 17.0 m thick 
respectively) have less mica and sand in the 
matrix than the overlying beds, and are less 
oxidized. Member 2 has finer overall grain 
size than member 3 but is comparatively 
coarser than member one. Members 1 and 2 
are equivalent to unit 6 of section 11. 

Although bedding planes are very mdistinct, 
transitions in grain size are often abrupt (Fig. 
13), Secondary alteration with production of 
red mottling 15 common throughout. Feldspars 
are generally more abundant than іп the 
Namba Formation, Sandy beds have matrix- 
supported framework with a high proportion 
сі framework compared with the Namba 
Formation, 


The Formation crops out along crecks in- 
cised into the high level plos flanking the 
Flinders Ranges, along ihe southern shore of 
Lake Frome, and along the Siccus-Pasmiore 
River. The section (Fig. 3 section l, Appendix 
1) in a low range of hills, 3.7 km on 22°T, 
north of Prism Hill and south of "Wertalaona" 
{Air photo reference: S. Aust. Dept. Lands 
Svy, 802, Baleanoona Run 7, photo 0014), is 
an important supplementary section, as it is 
the only outcrop in which the contact with the 
Namba Formation can be observed. The 
sequence is 140 m thick and dips 20-50% east, 
in accord with the remainder of the Cainazole 
section, The whole rests with angular uncon- 
formity on Middle Cambrian rocks. Exposure 
is moderate to poor, necessitating reconstruc- 
lion from several scattered outcrops, particu- 
larly through the Namba Formation, This 
sequence was first mapped by Leeson (1967)* 
who referred the conglomerate to the Telford 
Gravel (Firman 1963, 1964, 1966b, 1967a, 
1970) and the underlying clays to the Avon- 
dale Clay (Firman 1967a}, Subsequently Callen 
tin Coats 1973) remapped the area during 
1970-1 for the COPLEY 1:250 000, genlogical 
map sheet, and the sequence was assigned to 
an undifferentiated Teriary-Quaternary unit. 


134 


Elsewhere on ihe eastern portion of COPLEY, 
green clay, now known to belong to the same 
sequence, was called Avondale Clay, 

In Secon 1 (Fig. 3) the base of the Willa- 
wortina Formation is placed at the base of the 
lowest conglomerate. Beds below this unit 
include poorly sorted sandy clays, bur with 
interbedded micritic white dolomite, fine yel- 
low-green sand, and pale grey and olive clay, 
closely resembling the Namba Formation. 
Below these beds, resting with angular uncon- 
formity on the gently folded Middle Cambrian 
red beds, is coarse sand with polished pebbles 
and ?ferricrete clasts resembling the Eyre 
Formation. 

Another section regarded as equivalent to 
the Willawortina Formation, but of overall 
finer grainsize, is exhibited by unit 6 of Wonl- 
tana No, 1 bore (Fi. 3, section 11). It shows a 
prominent. alternalion of sand and clay in fin- 
ing upwards sequences, cach separated by sharp 
contacts, Sorting is uniformly very poor, and 
mottled green and brown colours common. 
Secondary carbonate nodules are present, and 
also beds of lacustrine dolomite. Toward the 
top of the section the fining upwards sequences 
become poorly defined, The top is capped by a 
thin dolomite bed, overlain by cohble con- 
glomerate and sandy clay silt, representing the 
Evrinilla Formation and “unnamed conglo- 
merate" (probably equivalent to the Millyera 
Formation )- 

Upsiream from section Z along Balcanoona 
Creck, excellent exposures (c.g. Fig. 12) of 
the upper part of the sequence seen in section 
ГІ are displayed іп cliffs. One of these exhibits 
а hiatus—limestone and conglomerate in the 
lawer part have been faulted before deposition 
of the overyling silts, Subsurface (below soil) 
karst structure is present. 


RELATIONSHIPS BETWEEN 
FORMATIONS 


The mature of the contact between the 
Namba and Eyre Formations, and difficulties 
associated with differentiation when both units 
аге sandy, hive been discussed by Wopfner 
er а! (1974), The disconformable relationship 
is demonstrated palynologically by W. К. 
Harris (pers. comm. 1974, sce section on 
AGE, this paper). 

The inrertongumg relationship between the 
Véillawortina and Namba Formations is illus- 
trated by Fig. 3 (insct). a section across the 
Pomlana High Plain, on which Wooltana 1 
bore has been superimposed, A simllar section 
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showing the same (сиішгев can be drawn 
across the Balcanoona High Plain through 
WTS, WTS and WT bores (Mines Admini- 
stration Pty Ltd) and Wooltana 1 bore. The 
decrease іп coarse clastics proceeding east 
from the Flinders Ranges is demonstrated, 
The lower boundary of the Willawortina For- 
mation has been drawn at the base of the 
characteristic mottled, immature. poorly sorted 
sediments. Note the varying electric log re- 
sponse to similar lithological differences be- 
tween bores, which results from differing 
drilling mud properties and sensitivity, and in 
the case of WC2 bare, different instrumenta- 
tion. Holes F22-20 and E20-13 however, are 
nor affected һу these variables and are directly 
comparable. 


Іп Wooltana ! bore (section 11 Fig. 3) 
intertonguing with the Namba Formation is 
exhibited by unit 6. The typical Namba For- 
mation lithology of sharply differentiated 
relatively better sorted clay and silt beds 
grades to the extremely to very poorly sorted 
coarse grained Willawortina Formation, The 
twa units alternate lo some extent. Essentially 
there is à gradual upward increase in the 
coarser grained fraction, though an isolated 
pebbly bed appears low jn the sequence. Clays 
are rich in illite (muscovite) and feldspar fs 
abundant, compared with the bulk of the 
Namba Formation where these minerals are 
minor components and smectite the dominant 
clay mineral. 


Unit 6 of section 11 is therefore interpreted 
as the equivalent of the lower part of the 
Willawortina Formation in section 10, a rela- 
tionship suggested by the correlation lines 
drawn in Fig. 2 of Callen (1976). The criteria 
chosen here to identify the base uf the Willa- 
wortina Formation are those readily mappable: 
the base of the consistently coarse-grained 
poorly sorted sediments. Thus unit 6 as shown 
on Ky, 3 is regarded as mainly Willawortina 
Formation, though i! contains Longues of lacus- 
trine dolomite like those in the Namba Forma- 
tion, The contact is readily recognizable from 
petrophysical logs (Callen 1976 Fig. 2) and 
can partly be explained hy the degree of 
secondary alteration. (carbonate nodules, iren 
oxide mottling) stratigraphically associated 
with the  Willawortina Formation. These 
secondary effects alternated with deposition, 
and are an integral part of the unit, 


Support for the inlertanguing relationship 
between Namba and Willawortina Formaticn 
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is also derived from clay mineral analyses 
(Callen 1976)?. Results are shown diagram- 
matically on the inset of Fig. 3 demonstrating 
the abrupt change from rocks dominated hy 
smectite and randomly interstratified clay, to 
illite (largely well crystallized muscovite), 
randomly interstratified clay and kaolinite. 
This change corresponds to the position of the 
alunite horizon within the Namba Formation, 
and is widespread throughout the basin, having 
been located in 14 bores and in outcrop. The 
change was probably initiated by uplift of tlie 
Flindets Ranges, probably with climatic varia- 
поп from high to low rainfall as indicated by 
clay mincrology and colour change (see later). 
It is therefore regarded as an approximate time 
marker, and is coincident with the boundary 
between members 1 and 2 of the Namba 
Formation, and with the base of the Willa- 
wortina Formation in its type section. The 
change corresponds with the base of the Willa- 
wortiga Formation identified tn WC2 and 
Wooltana 1 bore. 

Alunite is recorded near the top of member 
1 of the Namba Formation, forming a series 
of nodular horizons associated with sharp 
bedding planes. The nodules ramify thtough 
the clay and resemble calcareous hardpans of 
soils in their manner of development. The 
horizons аге widely developed in the Pardlana 
High Plains area, hut afe also found in the 
eastern part of the basin in C15 bore. Here, 
they are overlain by а relatively thicker 
sequence of member 2 than in the high plains. 
The horizons arc regarded as soils, associated 
with a well developed hiatus or disconformity 
formed during uplift of member 1. This em- 
phasizes the time significunce of the clay 
mineral change recorded earlier. 

Silerete has been identified by one author 
[R.A.C.) in the interval 72-94 m from cut- 
lings of bare LB12, drilled by Mines Adminis- 
tration Pry Ltd, [t is developed on clay, and 
overlain by greenish-red mottled sandy cal- 
careous clay resembling the  Willawortina 
Formation. A number of closely spaced bores 
between “Murnpeowie” and Reedy Springs, 
drilled by Pechiney Exploration (Australia) 
Pry Lid [Mannoni & Barral 1972) 6 suggests a 
similar relationship. Тһе silerete varres from 
the red and grey mottled chalcedonie and 
opaline "puddingstone" to the grey rmcra- 
crystalline quartz "grey billy” type, according 
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to whether clay or sand is siliciied. This is 
displayed by Mannoni & Barral in their cross- 
section, and сап ђе observed in outcrop. The 
same silerete horizon forms a cup lo the 
dipping Eyre Formation аг Reedy Springs 
(Wopfner et af, 1974 Fig. 2), The silerete ts 
thought to represent a soil hortzon, and there- 
fore marks a disconformity (Callen 197812, 


Thus there is evidence supporting a discon- 
Iermity hetween the Namba Formation and 
roeks resembling the Willawortina Formation 
in this area, Although the silcrete has iot been 
identified in the high plains regions, it 15 
apparent that the Willawortina Formation, as 
defined, may contain some younger material, 


The brown silerete and ferruginous material 
developed on sandy facies of the INamba For- 
mation exposed at Lake Тагкагооіоо, and 
around other saltpans east of Lake Frome, 
are thought to be equivalent ta ihat just de- 
scribed, Cementation certainly occurred prior 
to deposition of the Millvera Formahumn, as 
indicated by abundant silerete nodules and 
ferruginized Namba Formation clasts in the 
base of the channel facies in Lake Tarkarooloy. 


AGE 

The flora of member 1 of section 11 (Fig 
3) indicates ап carly to middle Miocene age 
fur the base of the Namba Formation { Bates- 
fordian-Balcombian—pers. comm. W. К. 
Harris 19741. Harris states the Йога is similar 
te that of the Munno Para Clay of Lindsay & 
Shepherd (1986), and Lindsay (1969, p. 38) 
in the Adelaide Plains Sub-Basin, An assem- 
blage of the same age was found in Mines 
Administration Pty Ltd LC1A bore (for litho- 
logical description see Wopfner ei ul, 1974) 
io the north of section 11. and also in Lake 
Eyre 20 bore (Johns & Ludbrook 1963) in the 
Etadunna Formation. 


The age af the Willawortina Formation, 
accepting a conformable relationship with the 
Namba Formation, is therefore medial Mio- 
cene or younger. Its upper ave limit. as for 
the Namba Formanon, is deduced from rela- 
tionship to the Millyera Formation, and 
Eurinilla Formation (Pt II) indicaling а mim- 
mum age in excess of 40 000 years B.P.. poss 
sibly pre-Pliacenc. 


? Mannoni, N., & Barrul, J. M. (1972).—Murnpeowie Project S.M,L. 373 (South Australia) drilling pro- 
gram report R/72-21-U, S, Aws!, Depi, Mines envelope 1327, Unpub. 
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REGIONAL CORRELATION 

Relationships with other units used ón adja- 
cent South Australian Department of Mines 
Geological Atlas Series map sheets (COPLEY, 
PARACHILNA) and in other basins, are 
shown in Table 2, 

Equivalence between the Etadunna and 
Namba Formations is demonstrated by litho- 
jogical similarity, similar flora, and occurrence 
of species of fossil marsupials previously 
known only from the Etadunna Formation, 
Both contain the unusual dolomite-palygorskite 
mineral assemblage. 

A sequence penetrated during drilling opera- 
lions by Carpentaria Exploration Pty Ltd 
immediately west of the Ediacara Fault { Binks 
1932) is very similar to that encountered 1n 
Wooltana Nu. 1 bore (section 11, Fig, 3) іп 
the Lake Frome ares. The section іп Binks’ 
Fig. 3 has been interpreted by one of us 
(R.A.C.) thus: 0.0 to 94,3 m 7Willawortina 
Formation equivalent, 94.8 to 121,0 m—un- 
named beds, 121.0 to 233.2 m—Etadunna 
Formation equivalent, 233,2 to 298.7 m—Eyre 
Formation, The sequences in the intermontane 
Walloway and Willochra Basins (Howchin 
1909, 1913; O'Driscoll 1956) are more difh. 
cult to compare lithologically, but palynology 
(Harris 1970)7 from 30 m in Willochra No, 2 
bore suggests most of the sequence is equiva- 
lent to the Eyre Formation, 

On the northwestern side of the Flinders 
Ranges is the Avondale Clay (Firman 1967a) 
of similar lithology and mineralogy to the 
green clays of the Namba Formation and 
Willawortina Formation, particularly where 
they intertongue (unit 6, section 11, Fig. 3). 
The type section is affected by secondary iron 
oxide mottling, and the "clay" is actually a 
clayey fine sand, with angular shiny grains, 
The relationship between Avondale Clay and 
Ejadunpna Formation is unknown at the type 
area: the base is not exposed, and the unit 
is uncanformably overlain by the Telford 
Gravel and "Conglomerate at Lyndhurst" 
{Firman 1969), The “Conglomerate at Lynd- 
hurst" resembles conglomerates in the Wills- 
wortina Formation (Fig, 12 this paper). 
Kaolinite ig the dominant clay in the Avondale 
Clay type section, and is abundant in the upper 
part of the Namba Formation, and the Willa- 
wortina Formation, 
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А section of Yerila Creek in the Mooloo- 
watana area of the northern Flinders Ranges 


"was described and figured by Firman (1971, 


Fig. 12)5 as Avondale Clav. Upstream from 
this site, a lower pari af the section is exposed, 
connected by continuous outcrop, This exhibits 
micritic carbonale nodules, underlain by silty 
olive grey clays similar to the upper part of 
the section, The clay is capped by a well- 
developed hard white fine grained carbonate 
soil horizon, comparable to that developed on 
the Willawortina Formation аі Balcanaona 
Creek, It js overlain hy the Болаша Forma- 
tion. The lithology 3s identical ta the transition 
beds between the Namba and Willawortina 
Formations (section 11, unit 4). 

The Avondale Clay is regarded by Firman 
as much younger than the Etadunna Forma- 
tion, hence younger ihan the Namba Forma- 
tion, However, the comments above suggest 
it could either be part of the Etadunna Forma- 
tion, equivalent to the lower part of the 
Willawortina Formation or upper Namba 
Formation. 

The lower part of the Telford Gravel (Fir- 
man 1967a) may be equivalent to at least part 
of the Willawortina Formation 


ENVIRONMENT 

Consideration as to whether the Namba 
Formation sediments are marine, marginal, or 
non-maritie was a prime objective. The most 
conclusive indicators of marine infiuence аге 
marine fossils and glauconite, hence samples 
were investigated for foraminifera, and any 
green pellets or clays were studied by x-ray 
diffraction, A variety of lithological types from 
subsurface and oulcrop were examined by 
J. M. Lindsay who found no foraminifera, 
Non-marine gastropods and pelecypads (pers. 
comm, М, Н. Ludbrook 1973-4) are present, 
ая are non-marine usiracodes (pers. comm. К. 
McKenzie) and the fresh water algae Pedia- 
strum, (pers, comm, W. K. Harris) and 
charophytes. Al] green clays proved to be 
montmorillonite, and green pellets tound іп 
the eastern areas were dolomite, associated 
with non-marinc pelecypods. 

Other evidence for non-marine origin 15 
derived from the terrestrial vertebrate remains 
(e.g, Fig. 10). Several skeletons were found 
in a partly articulated state, Delicate bones are 


3 Harris, W. К. (1970) —Palynology o£ Lower Tertiary sediments, South Australis, MSc, thesis, Uni- 


versity of Adelaide {unpublished}. 


+ Firman, J, В, (1971).—Regional stratigraphy of surficial deposits in the Great Artesian Basim anid 
Frome Embayment іп South Australia, S. Aust. Dept, Mines Rept, RB 71/16. 
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well-preserved, and abrasion due to transporta- 
tion in currents virtually absent. The sediments 
іп which they occur are fine sand, clay, and 
dolomitic clay. A nearshore marine environ- 
ment therefore seems untenable, though a 
lagoonal or upper estuarine environment is 
possible. A поп-тпагіпе environment is pre- 
ferred, though presence of Cetacean remains. 
(a platanistiet dolphin] indicates a link to the 
sea at зоте stage. 

Mure specifically, environments are (1) 
Micritic delomitic carbonates with irregular 
ooliths, suggesting low energy shallow lake or 
shoreline conditions. (il) Black, laminated 
fossiliferous clay of Wooltana No, 1, unit 1, 
suggesting a well developed lake: the fine 
laminae resernbjJe varves, but have been dis- 
rupted by diagenesis and bioturbation. (iii) 
Sedimentary structure. types, abundance of 
fines, and very poor to poor sorting support a 
low energy environment for the whole unit. 
This may explain the apparent lack of well- 
developed beach sands, which wonid be poorly 
developed and poorly sorted along a low 
energy shoreline, 

The environments represented by the cyclic 
sequence described earlier are in ascending 
order: (а) channels: smal] to medium seale 
cross-bedded fine to medium sand (Fig. 8), 
(b) flood plain, estuarine or lacustrine: finely 
laminated silt, often burrowed and with very 
small то small seale cross-bedding (Fig. 7), 
and olive clay, (с) lacustrine: patchy car- 
bonate, oolitic dolomite (Fig. 5) and clay 
(Fig. б). (d) swamp or mud flat with occa- 
sional channels: hard, black, пошед clays 
with irregular fractures and sand patches 
(Fig. 4), interpreted as vertisals. The cyclic 
sequences are of 1-20 m thickness, averaging 
9 m, well-developed in most parts of the basin, 
except the northwest where uniform clay зес- 
tions dominate, The cyclicity suggests a deposi- 
tional process resulting in a particular sequence 
of facies, bur with inherent instability, Some 
examples applicable to the Namba Formation 
are (1) a delta building into a shallow lake or 
estuary (necessarily shallow because the cyclic 
sequences are thin), (2) repetitive transgres- 
sion and regression of a shallow lake shore 
іп response to fiuctuations tin water level (3) 
repetitive avulsion of а meandering stream, 
(4) bars associated with development and 
abandnoment af portions of river channel, 


The abundant bioturbation, and its occur- 
тепсе іп mechum-scale cross-bedded coarse 
Channel sanis, and basal paris uf laminated 
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silt beds, 15 inconsistent with river channel 
origin of these facies, These sands more likely 
represent offshore lacustrine bars. Lenses of 
the coarser sand facies at the base of, or with- 
in, the tough dark grey clays are also difficult 
to explain in terms of a river and flood plain 
relationship: channels cutting across a tidal or 
deltaic mud-flat are more acceptable. Subse- 
quent intensive hioturbation or rheotropic flow 
has partly destroyed bedding, distributing the 
sand іп irregular patches. Іп the estuarine 
case, the absence of any evidence for a marine 
influence, particularly in the microfauna, 
indicates deposition in the uppermost reaches 
of the estuary, In sequences where coarser 
channel sands are interbedded with поп-Вит- 
rowed laminated silts, the river-channel and 
flood-plain relationship is still applicable. 


Fluviatile deposits are abundant, and fossils 
(e.g. Fig. 10) of aquatic vertebrates (Dipnoi, 
Teleostei, Chelonia, Cetacea} suggests a per- 
manent water supply, and fossil plants (Noho: 
fagus and Podocarpus) indicate high rainfall. 
The cistribution of lenses of channel sands 
within an essentially clayey sequence is typical 
of meandering rivers. Although only 42 current 
directions were measured (mostly in the Lake 
Tarkarooloo area) results suggest a southerly 
componcnt of transport direction for the upper 
part of the Namba Formation, in marked con- 
trast with the north-casterly direction of over- 
lying units. 


Dense vegetation is suggested hy the paly- 
nology of the basal unit 1: the modem des- 
cendants of the species represented typify 
rainforests. Abundant grass pollen are evidence 
that grassland occupied extensive areas, Thus 
rainforest was not continuous іп the сагу 
lacustrine phase of deposition. The relative 
ahutdance of arborcal marsupials in the uppér 
part of the Namba Formation indicates the 
presence of gallery forests along the water- 
courses. 


Apparently а! variance is the smectite— 
dalomite—palygorskite association, frequently 
recorded from arid soils. playa lakes and warm 
hypersaline waters (e.g. McLean et al. 1972, 
Bentor et al, 1963, Meester 197], Singer et ай, 
1972). At present dolomites and high-Mg 
calcite are forming in hot arid or semi-arid 
hypersaline lagoons (c.g. Моп der Borch 1965, 
Von der Borch et al 1975, Friedman et а), 
1973) though some magnesiumerich sediments 
are found in falitudes as high as 48°N (Muller 
er ow. 19721. 
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Millot (1954) indicates the montmorillonite 
—palyvorskite—sepiplite association is the 
result of offshore lacusirine or marine chemical 
deposition, This tock place adjacent to а lateri- 
tized land mass of low relief and dense vege- 
tational cover, in а subtropical or tropical 
climate, Septolite is absent in the Lake Frome 
area, but this may be an affect of degree rather 
than basic difference. The hypothesis as applied 
ta the Namba Formation overcomes the diffi- 
culty of evoking evaporative conditions in a 
high rainfall climate. 

Millot's hypothesis has been applied in a 
similar manner to the Cainozoic rocks of the 
Jordon Valley (Wiersma 1970). These sedi- 
ments contain a remarkably similar sequence 
of clays to the Namba Formation, Particularly 
relevant are Wiersma's comments regarding 
ibe ongin of palygurskite (p. 88). He con- 
cluded that intensive weathering on the hinter- 
land under warm humid conditions was 
necessary for liberation of the clements essen- 
tial to the genesis of palygorskite and its 
associated sediments, and that evaporation in 
the sedimentation basin should be such annu- 
ally as to provide the necessary concentration 
of chemical elements. He deduced that 
evaporation must prevail over precipitation 
and fluviatile and/or marine supply of water 
to the basin. In many places in the present 
tropics evaporation can exceed annual pre- 
cipitation, with resultant formation of evapor- 
ies in favourable locations, Palygorskite was 
of detrital origin in the late Tertiary and 
Quaternary of the Jordon Valley, having been 
derived from Cretaceous and early Tertiary 
rocka in which it originated hy chemical sedi- 
mentation. In the Lake Frome arca по pre- 
existing rocks rich in palvgorskite were present: 
rather kaolinite, smectite and illite are ahun- 
dant. Palygorskite can be formed in soils 
(Singer & Norrish 1974) hut only in relatively 
low proportion, thus it mnst have originated 
within the depositionary hasin during sedi- 
mentation, 

It is notable that Mellot’s 11964) ideas as 
applied to deposition of Namba Fartnation 
sediments require on equivalent Miocene 
Jateritization on adjacent land masses. In this 
cnniext Wapfner's (1974) conclusions regard- 
ing an Oligocene-Miocene "ferralitization" are 
of interest, Although the evidence he gives for 
age of the Doonbara Formation is inconclu- 


R ^. CALLEN & R. H. TEDFORD 


sive, some additional observation are made 
here, Firstly clasts identified with the Doonbara 
Formation (by R.H,T.) are found in the Wipa- 
jiri Formation (Stirton e: al. 1967) of Miocene 
age, Secondly the ferruginization in Lake Eyre 
Bore 20, doubtfully equivalent to the Doonbara 
Formation, 15 recorded by Callen (Wopiner 
er al. 1974, Fig. 17) within the lower part of 
the Miocene Etadunna Formation, Others have 
also recorded an older Tertiary. ferricrete (Fir- 
тап 196875). Therefore lateritization (or at 
least, ferruginization) could have been pro- 
ceeding in uplands adjacent to the basins in 
which the Etadunna Formation and Namba 
Formation sediments were being deposited. 

The main carbonate hotizons occur a few 
metres above unit 1 of section 11, with its 
rainforest flora. and above the vertebrate zone 
with ils indications of seasonal climate with 
abundant water supply. The presence of these 
carbonates can be explained іп terms of pro- 
tracted arid phases superimposed on а sub- 
tropical or warm temperate climate. 


In addition the presence of detrital feldspars 
must be explained, particularly in view of the 
abundance of plagioclase and association with 
smectite.” The possibility of addition of vol- 
canic material from eastern Australian must be 
considered, the Miocene being a period of 
maximum vulcanism (Sutherland et al. 1973). 
However, the percentage of feldspar is not 
large. Preliminary studies of feldspars іп the 
Namba and Willawortina Formations suggest 
relative proportions of feldspar types and 
compositions of plagioclases are similar to an 
unmodified contribution from nearby Precam- 
brian crystalline basement rocks. On present 
evidence there is apparently no change in rela- 
jive abundance and type of feldspars їй the 
illite-Kaolinite rich zones of the Tertiary, in 
comparison wilh the smectite zones. This sug- 
gests abundance is not tied to smectite occur- 
гепсе, as would be expected if these minerals 
originated from volcanic ash falls, The pre- 
sence of feldspar presents a problem consider- 
ing the evidence for a humid climate. Possibly 
sessonal aridity and nearby source permitted 
preservation, In addition Todd (1968) has 
shown plagiocluse is more stable than ortho- 
clase under conditions of restricted leuching, 
in a tropical climate, Thus smectite (mont- 
morillonite) is unlikely to have originated 
from volcanic asir falls, 


“Тһе mineral praup smectite, but R. N. Brown recovnized dioctshedral montmorillonite in several in- 


stances. 
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In the final analysis, the Namba Formation 
was thought to be deposited in a warm tem- 
perate to subtropical climate. The landscape 
had a savannah aspect, with gallery forests 
around permanent rivers and lakes, Periods of 
aridily occurred. 


High average temperature, invoked to ex- 
plain the mineralogy of the Namba Formatinn, 
is in accordance with marine paleotemperature 
measurements im southern Australia (Gill 
1968) and New Zealand (Devereux 1968, 
Jenkins 1988) of 18-22°C for the Miocene. 
Considered in the light of continental drift 
dala, which suggest Awstralia was closer to 
Antartica (though drifting rapidy northward: 
Wellman e? ul 1969), and data which indicate 
the cooling of Antarctica was underway 
(Hayes er al. 1973). the temperature ean be 
explained їп terms of greatly expanded sub- 
tropical climatic zones during early and middle 
Miocene times. 

Deposition of the Namba Formation in the 
central part of the lake Frome area was fol- 
lowed hy widespread ferruginization and silici- 
fication (opal, and quartz overgrowths) and 
development of cryptnerysialling silica nodules. 
particularly in the coarser Namba Formation 
sands, These processes were the result of wide- 
spread groundwater movements, Formatron af 
duricrusts and felated phenomena had а locus 
in river valleys cut into the Namba Formation, 
prior to deposition of the Millvera Formation. 


No evidence for 4 major period of Oligo- 
çene to early Miocene "ferrahtizalion" sug- 
gested by Wopfner (1974) was found in the 
Lake Frome arca, though there is abundant 
evidence for late Miocene to Pliocene ferrus 
ginization and orthoquartzite silerete Forma- 
tion. This does not necessarily negate 
Wopfner's climatic evidence, since two periods 
of ferruginization are prohable (Firman 1967b, 
19718; Jessup & Norris 1971). The older 
Tertiary ferruginization would presumably not 
be manifested in the Lake Frome area, where 
chemical snd detrital deposition were pro- 
ceeding. 

The coarse detritus in the Willawortina Fir- 
mation has clasts derived from Cambrian and 
Precambrian rocks in the Flinders Ranges, 
When considered in combination with poor 
sorting and abundant feldspar content, vigorous 
uplife of the Ranges is indicated. This was 
accompanied by movement on the Poontana 
Fault. A similar conclusion has been drawn by 
Binks {1972} from evidence on the western 


side of the Ranges, Ironstone and silcreie peb- 
bles from pre-Willawortina Formation (?pre- 
Namba Formation} duricrust are present. 
However, laterite clasts are not as abundant in 
the overlying Willawortina Formation as ene 
would expect in a sequence supposedly derived 
from erosion of a laterized land mass, Pre- 
sumably this is because the Flinders Ranges 
were virtually non-extstent at the time of 
deposition of the Namba Pormation, presenting 
only a small area for laterization- Alternatively, 
іп keeping with the suggested warm-temperate 
to sub-tropical climate, ferruginization may 
not have developed an extensive laterite crust 

Deposition in an alluvial fan environment is 
suggested for the Willawortina Formation by 
the presence of extremely poor sorting (Fig. 
13), numerous channels (Fig. 12) with 
medium scale cross-bedding. апа laminated 
calearceus sills (Fig. 12) with red-mottling 
апа carbonate concretions typical of flood 
plain deposits. Fining upwards sequences are 
typified in section 11, suggesting bar deposi- 
lion, The deposils coarsen very rapidly close 
to the Flinders Ranges. The extremely poor 
sorting, coarse grain-size amd matrix-supporte: 
lexture in some beds may be the product of 
mud-Hows. The red mottling (‘marmorization'} 
and carbonate soils are similar to those des- 
cribed by Freytet (1971) in association with 
alluvial deposits, and typically form in the 
inactive parts of fans (Blissenbach 1954, р, 
183; Denny 1967, p. 105). These features 
resemhle modern fan deposits. 

іп sections | and 10 there is a tendency for 
overall coarsening upwards, suggesting increas- 
ingly rapid uplift of the Flinders Ranges. The 
uplift deluged the former lakes and swamps 
of the Namba Formation with detritus, re- 
ducing their extent. Thin dolomite lenses in the 
sequence (section 11, and Balcanoona Creek) 
represent lacustrine or playa lake phases simi- 
lar to those of the Namba Formation, Petru. 
logical investigation shows these contain 4 
much higher proportion of sand (much of it 
unstable mineral grains) than the Namba 
Formation carbonates, 

During deposition of the Willawortina For- 
mation, oxidizing conditions became prevalent, 
through accumulation of the sedimentary 
column above the water table, This contrasts 
with the sub-water lable reducing cavironment 
of deposition of the Namba Formation. Abun- 
dant potash feldspar and plagioclase can be 
attributed to rapid deposition and possibly 
semi-arid climate. Presumably uplift of the 


142 


Flinders Ranges would have had a strong effect 
on local climate, but this cannot be assessed 
at present. 

Following deposition of the Willawortina 
Formation, ferricrete and calcrete formation 
occucred, particularly in marginal areas. 

The absence of surficial cementation of 
Coarse sediment in the type section of the 
Willawortina Formation and nearby outcrep, 
contrasts with the ubiquitous cementation in 
southern areas (sections 1, 11, Fig, 3). An 
explanation in terms of a carbonate rich source 
arca for groundwater or sediment, or abun- 
dance of limestone clasts in southern areas, 
does not explain the widespread distribution 
of surficial carbonate cementation in rocks of 
various ages throughout the Flinders Ranges. 
Indeed, many fans in semi-arid areas through- 
out the world are similarly cemented, Enough 
calcium is produced by weathering, or de- 
posited from wind-born dust, to provide suffi- 
cient carbonate material for cementation 
anywhere, Therefore in the case of the Willa- 
wortina Formation adjacent to Mount Painter, 
absence of carbonate is a local phenomenon, 
the explanation of which is unknown. 


Pt. ilI—Y»ounger Cainozoic Rock Units 
Type and reference sections are shown in 
Fig. 15, and described in detail іп Appendix 
2. Table 3 summarizes the lithological and 
other properties of the rock units dealt with in 
the text, 


LITHOLOGY 
MILLYERA FORMATION |. (Derivation: 
Lake Millyera*, near the mouth of Billeroo 
Creck, Millyera is local aboriginal word for 
water. Map reference: Siccus map sheet, 
ЕКОМЕ), 

The папи: 15 proposed for а sequence of 
imerbedded greenish ostracode-bearing clays, 
thin limestone of charophyte algal remains, 
and fine sand, The sediments occur in Lake 
Frome or io small lakes close to its marzin. 
The name is also applied to 9 coarse cross- 
bedded or canglomeralic sand, regarded as а 
fuviatile equivalent of the clays, where these 
contam interbedded charophyte limestones. 

The type section at Lake Millyera (Fig. 15. 
section 4) is located 69 2 km en 320^T, north- 
west of Low Stony Hill (map reference T'ele- 
chie) on the Siccus map sheet (Air Photo ref,- 
Dept, Lands Svy 361, біссиз Rum 1, Photo 
4460) 

The section consists of 4.3 m of laminated 
green ostracode bearing clay with г thin bed 
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(40 cm) of laminated charophyte limestone 
near the top, overlain by alternating clay and 
fiue sand, An abbreviated description is given 
in Table 3, 

The 1уре section was not located at the 
thicker section 5, where there is intertonguing 
with red beds, This avoids confusion which 
might arise should the red beds, which have 
affinities with certain fluviatile equivalents 
(e.g. the Eurinilla Formation—see later), be 
formalized яз а distinct unit. 

The contact with the Namba Farmation 
was nol exposed, but can be observed in the 
supplementary section located about 2 km 
east (Fig. 15, section 5, 68.7 km on 327.5°T 
northwest of Low Stony Hill—air photo refer- 
ence S. Aust. Dept. of Lands Svy. 361, Siccus 
Run |, Photo 4461), 

In section 5, the Millyera Formation is 
*.5 m thick, cropping out below a thick ex- 
posure of Eurinilla Formation. Here thin 
charophyte limestone in the Millyera Forma. 
tion grades laterally into gypsum, often ripple 
marked (Fig, 16), intercalated in an essentially 
sandy sequence. Sometimes botryoidal sirue- 
tures are present on the surface of the gypsum 
layer, similar to those found on the floor of 
Lake Frome. Scattered very coarse polished 
sand grains are present on top of the gypsum, 
where it is in contact with the overlying red 
sand lens. 

The red sand lens consists of a thin bed of 
bright ted-hrown coarse sill with basal granule 
layers impregnated with secondary gypsum, 
closely resembling the Eurinilla Formation in 
lithology. It grades by alternation to greenish 
very fine sand with coarse sand, silt and clay 
laminae [yellowish grey). The greenish sand 
bed is fossiliferous, with numerous charophyte 
oogonia and stem moulds, fish verebrate and 
spines, and ‘Coxiella’, 

The contact with the Namba Formation was 
exposed by trenching. Orange and yellow sands 
of the Millyera Formation contain reworked 
and oxidized tough grey sandy clay clasts from 
the underlying Namba Formation, The Namba 
Formation is more indurated and darker 
coloured. 

The top of the sequence is marked by 2 
strongly developed soil, also observed else- 
where affecting the Namba Formation. The 
soil has a crumbly texture, with peds of 
irregular shape about 0,5—2 cm across. A well 
developed black mangans is present, and red- 
tish-ta yellowish-brown iron oxide patches are 
developed in the clay. A similar horizon is 
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developed on the Millyera Formation іп Sec- 
lien 7 o£ Fig. 15, 


The distinction between the lacustrine facies 
ot the Millyera Formation anıl the superficially 
similar Namba Formation can be demon- 
strated from Lake Millyeta and Lake Tar- 
karooloo. In Lake Millyera, the north shore is 
formed by cliffs of Namba Formation clay and 
dolomite showing no facies changes throughout 
the length of the continuous outerap. The 
south shore has sporadic outcrops of Millyera 
Formation, also unchanged along strike, traced 
to the junction of Billeroo Creek and Lake 
Tarkaroolog. These relationships suggest а dis- 
conformity berween the two units. The Millyera 
Formation also occurs on the north shore of 
Lake Millyera at its eastern end, but a covered 
interval prevents direct establishment of a 
‘clationship with the nearby Namba Forma- 
tion, The contact between the units can he 
observed by trenching the base of the supple- 
mentary section 5, where the erusional cuntact 
amd weathered top of the Namba Formation 
support а disconformily, 

Similar laminated  oslracode-bearing clay 
and gypsum laminae are found bencath the 
hase of the gypsum dunes constituting the is- 
lands of Lake Frome. These grade down to 
ostracode ала charophyte-hesring indurated 
clays, withour sedimentary structures, beneath 
the lake bed. Fine sand interheds are present. 
These heds are equated with the Millyera 
Formation, but most sediment flooring Lake 
Frome, though of similar lithology, is younger 
and less consolidated. 


Along the eastern edge of Luke Frome is a 
series пЁ eroded mound springs, exhumed hy 
deflation of the modern lake floor. These ure 
built uf saucer-shaped carbonate layers, partly 
algal in origin, which intertongue with the 
clays, These spring deposits are partly cqualed 
with the Millyera Formation 


In Lake Tarkarooloo, reddish-brown silt and 
conglomerate is inter-bedded with the charo- 
phyle limestone, Proceeding south along this 
linear lake, the coarse facies eventually 
dominates, the limestones being absent. The 
Millyera Formation is no tanger identifiable, 
having graded inte an entirely fluviatile facies 
of conglomerate 2-3 m thick, cemented with 
massive while secondary carbonate (hence- 
forth referred |o as the ‘unnamed conglo- 
merate’ cyutvaleat to the Millyera Formation). 
Section 6 (Pigs 15, 17) shows an intermediate 
stage іп this transition, Numerous well deye- 
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loped channels exhibiting 7 cross stratification 
(Allen 1963) are present, exhumed on the 
lake Moor, They often contain clasts of fossil 
wood, Namba Formation dolomite, ferru- 
ginized Namba Formation sand, and mitky 
quartz at the base, demonstrating а discon- 
formable rclationship with the Namba Forma- 
tion. There is little facies change along the 
length of Lake Tarkarooloo in the Namba 
Formation, whereas the Millyery Formation 
varies considerably, though retaining its 
identity as a unit. 

Two charophyte limestone horizons were 
developed in the southern part of Lake Tar- 
karooloo, instead of one ss at Lake Millyera. 
Since they must have once represented а 
horizontal lake shoreline, and are equivalent 
to the horizon at Lake Millyera, structural 
deformation (?faulling? is required to account 
for their relatively higher position in the land- 
scape. Barometric levelling, tied in with South 
Australian Department of Lands bench marks, 
established the height difference (see Sections 
5 and 6, Fig. 15]. Comparison of the heights 
of equivalent Namba Formation carbonates, 
between Lake Millyera and the Namba Formu- 
tion reference section in Lake Tarkarooloo 
(Fig. 141 also supports downfaulting of the 
Lake Millyera region. 

The “unnamed conglomerate" channel 
equivalent of the Millyera Formation can be 
traced throughoul the area southeast of Lake 
Frome, where it is invariably overlain by the 
Eurinilla Formation. The disconformity is 
difficult to detect away from low4ying areas 
such as Lake Turkaroolon, where well-deve- 
loped greenish carbonate nodules and cylin- 
droids of n soil саїсгеѓе mark the contact, and 
massive White groundwater carbonate cements 
the conglomerates im the Milfyera and Eurinilla 
Formations. Elsewhere the conglomerate has з 
weak earthy carbunate cement and interbedded 
secondary gypsum  lavers. interpreted пх 
proundwater phenomena rather than soils. 
The contact with Eurinilla Formation appears 
eradalional (e.g. units | and 2 of the Eurinilla 
Formation in section 8, Fig. 15), and il fs not 
possible to establish a disconformity. An addi- 
tional problem in the Millyera Formation 18 
the repetition of red sand facies resembling 
those of the Eurinilla Formation. This suggests 
it muy be possible to have wo red facies super- 
imposed, The cantact between unit 2 and 3 in 
section 8 may represent such à boundary (ie. 
ihe lower part of this section may cnrrelate 
with the Millyera Formation). 
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Current directions Were recorded from a 
variety of eross-bedding types im widely scat- 
tered localities in the basal channel Facies 
(both sands and conglomerates), though with 
а bias towards the Lake Тагкагоојос area, hut 
are sufficient (45 measurements) to record ч 
north to northeasterly transport direction, Con- 
plomcrates such as those of section 8, where 
no discanformity between the Eurinilla and 
Millyera Formation was established, were not 
included in this analysis. 


EVRINILLA FORMATION (Derivation, 
Eurmilla Creek, Evrinilfa map sheet, CURNA- 
MONA), 

The type section (section 7, Fig, 15) is 
located at Lake Mako* on the junction between 
Billeroo and Eurinilla Creeks (Air Photo Ref. 
—S. Aust. Dept. Lands 5уу. 395, Coonarbine, 
Kun 3, Photo No, 9637). The locality is 
45,8 km on 3312 T trom Hilleroo Waterhole 
(CURNAMONA—Billeroo Creek). and rhe 
outcrop (Fig. 20) occurs in an amphitheatre, 
formed by gullies draining into the north end 
of the lake. The upper fine grained facies is 
well developed, The complete sectton is de- 
scribed in Appendix 2, Section 7 was con- 
structed from (мо outcrops 200 m apart, 
correlated by following the beds along strike- 

This sequence consists of three units, separ- 
ated by а weak carbonate soil horizon. The 
lower umit, exposed im tbe southern outcrop. 
consists of 1.8 metres of white well sorted 
medium gramed channel sand. Tt is ¢ross- 
bedded, and contains some vertebrate remains. 
clusis of underlying units. und ¢harophyte 
oogonia. The sands have features similar to 
channel sands elsewhere at or below the base 
of the Eurinilla Formation Ап interestine 
feature is the presence of biotite, suggesting 
nearby crystalline basement outerup at the 
time of deposition. Unit 1 is overlain by the 
much more widespread and typical fed silty 
and sandy facies of units 2 and 3, respectively 
5.3 and 5.5 m thick, These units are separated 
hy a weak carbonate soil horizon. The lower 
is paler than the upper, and shows tta evidence 
of bedding. It grades ro clay-silt at the hase. 
The upper unit has diffuse large scale cross- 
bedding, із sandy, and — orange-coloured 
throughout. Lt is capped by a well-developed 
fossil soil horizon with nodules and cylindroids 
of carbonate and some eypsum, 

The sequence is overlain above the fossil 
soil by a horizontally luminated sand, similar 
to that at the top of Unit 2. but with more 
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pronounced bimodality. Since the soil repre. 
sents a disconlormitv, these sands are excluded 
{сот thc definition, and placed in the Coonar- 
bine Formation, 

Another section 8 m thick (secuon 5, Fig. 
15] is situated on а steep bluff facing north, 
on the southern side of Lake Millyera, close 
to the Millyera Formation type section 4. A 
detailed description is in Appendix 2, The 
sands afe paler than those of the type, and 
contain low angle cross-bedding al the base, 
The overall two-fold division fof units 2 und 
3) in the type section is retained. A diffuse 
thin bedding dips toward Lake Millyera. Con- 
sidered with the geometry of the outcrop. the 
sequence is interpreted as a small delta. 

The upper part of this sequence has tubules 
and cylindroids of soft white carbonate and 
gypsum, several centimetres diameter, forming 
several inter-related horizons representing 2 
fossil soil complex. The tubules weather out 
as hard cylinders. The lower part of the 
sequence is partly cemented with shects of 
sofi white carbonate, and with pink carbonate 
nodules. The base is solidly cemented with 
gypsum. partly derived from the dissolution of 
gypsum lunettes (represented by low angle 
cruss-bedding). 

A third reference section of 3 m thick is 
located al Luke Koorka* (Fig 23). a small 
chipan on Eurinilla Creek, close to the 
boundary between FROME and CURNA- 
MONA on Evriniffe map sheet, The western 
edge of the pan is formed by a cliff 6 m high, 
where section 9 (Fie 15) was measured 
(Appendix 2). Here, the Eurinilla Formation 
is represented by mottled very pale orange and 
strong brown clayey silt without stratification, 
cupped hy a massive gypsum horizon with 
П.5 em rosettes of gypsum crystals developed 
in red-brown salt and gypsum flour. Ir discon- 
formably overlics the Namba Formation, 

Burrowed horizons and gypsified roots. are 
locally common in the Eurinilla Formation, 
though not represented i the sections dle. 
scribed. here. 

‘The carbonate zones ut the lop of the 
Eurinilla Formation in sections 5 and 7 are 
regarded as a single widespread paleosol, They 
differ from the soil developed on the overlying 
Caonarbine Formation by having larger 
patches of carbonate segregation. often ш 
several horizons, Irequentrly weathering out as 
solid sheets or lumps. In the Arboola Claypan* 
large soft calcareous “biscuits” are developed 
m which the orginal lamination of the 
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cemented sediment is visible, This paleosol has 
heen identified along Balcanoona and Ponntana 
Creeks, on the west side of Lake Frome (Figs 
1, 15, section 2) where it is developed іп 
coarser grained sediments. 


The Eurinilla Formation is often underlain 
by a course cross-bedded sand or conglomerate. 
Yunnamed conglomerate’ usually partly 
cemented with hard white lime. The beds are 
light pinkish brown, from iron-staining on sand 
grains. A typical sequence including this 
facies occurs at Lake Pinpa reference section 
{section 8, Fig. 15, and Appendix 2). The 
basal conglomerate often contains clasts of 
Namba Formation dolomite er Willawortina 
Formation carbonate nodules. At Lake Tar- 
karooloo the islands on the lake floor (especie 
ally near section 6, Pig. 15, where massive 
carbonale cemented pink sands and сопріо- 
merates ate jnterbedded with the charophyte 
limestone), demonstrate. the gradation іо the 
Millyera Formation. 


The disconformity between the Millyera and 
Eurinilla Formations is exemplified in sections 
5 and 7, but is not at all obvious in section 8, 
or elsewhere away from the vicinity of Lake 
Frome, The relationship can, however, be 
observed along the Pasmore River, particu: 
larly where the main Yunta to Flinders Ranges 
road crosses, Here, two terraces of secondary 
carhonate-cemented conglomerate occur, inter- 
bedded with yellowish sands containing green- 
ish White carbonate nodules ar the top. The 
nodules are interpreted as а paleosol, and 
occur in similar yellowish sands of the Millyera 
Formation in Lake Tarkarooloo, Therefore 
the unnamed conglomerate and associated 
sands are regarded as Millyera Formation 
equivalents. 

The red brown silty Eurinilla Formation 
with its characteristic soil developed at the 
top, infills a valley cut into the “unnamed 
conglomerate, and associated sediments. The 
whole is cut imo Willawortina Formation 
sandy clays. light brown sands of the Coonar- 
bine Formation disconformably overlie ай 
units at various levels in the landscape, 


The relationships between the Eurinilla and 
Willawortina Formations is also exhibited in 
section 3 at the mouth of the Pasmore River 
(Fig, 15 and Appendix 2) where reddish- 
brown pebbly silt with a basal conglomerate 
(Eurinilla Formation) rests with ‘sharp 
erosional disconfarmity on pale green and red- 
brown mottled clay (Willawortina Formation), 
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On a regional scale the disconformity sur- 
face beiween the Eurinilla Formation ane! 
Coonarbine Formation as flat, but locally, river 
valleys are developed, 

Within Lake Frome are several islands соп- 
sisting of up to 10 m thick of coarse well 
rounded gypsum sand with minor quartz, and 
interbeds of clay pellets. These exhibit the 
low angle cross-hedding, lithology and gec- 
metry of [unettes described hy Bowler else- 
where in Australia (pers. comm, 1974, 1. M. 
Bowler). The sands rest disconfarmably an 
the Мійуега Formation indurated clays, and 
are tentatively correlated with the Eurinilla 
Formation, Similar lumettes flank the eastern 
shore of Lake Frome. 


COONARBINE FORMATION 
Lake Coonarbine, 
FROME). 

The type section is located at Lake Moko 
section 7, Fig. 14 and Appendix 2), mentioned 
earlier. The sequence (Fig. 20). resting dis- 
conformably an the Eurinillà Formation, con- 
sists of three parts—a basa! 1.0 m of a ted 
brown indistinctly laminated sand, overlain 
by 3.3 m of light brown dune sand (two large 
scale cross-bed sets are represented) with a 
carbonate soil horizon at the top. This is aver- 
lain by 0.6 m of light brown sand with car- 
bonate patches and rhizondules, The laminated 
sand ai the base of this sequence may be a 
distinct unit in its own right, since it has 
features different from the remainder of the 
Coonarbine Formation. Ия disconformable re- 
lation wath the Eurinilla Formation has been 
established. 


The carbonate soil horizons are much 
weaker than those of the Eurinilla Formation 
in the same secon and at section 5 (Fig, 15). 
The upper more prominent horizon із corre- 
lated with that al the top of section five, The 
Coonarbine Formation in this section exhibits 
the typical blocky joint pattern, producing 5 x 
10 cm columns of sediment (large ped struc- 
tures), Land-snail shells occur here. and и! 
other widely separated localities, being charac- 
teristic of the unit, The uppermost layer 1% 
associated with aboriginal artifacts апа emu 
shell fragnients. The Formation сап be traced 
west to the Pasmore River (c.g. section 3) 
where it overlies the Eurinilla Formation. 

An important supplementary section (sec- 
tion 2, Figs 15, 21 and Appendix 2) repre- 
senting a coarser facics uf the Coonarbine 
Formation of western Lake Frome, is found 
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Coonarbine map sheet, 
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in Baleanoona Creek, near the natural gae 
pipeline (Air Photo Ref.: S. Aust. Dept. Lands 
Хуу 394, Arkaroola Run 3, Photo Мо, 0078). 
At this site the old land surface on top of the 
Eurinilla Formation is exposed, The overlying 
beds of the Coonarbine Formation consist of 
1.70 metres of dark brown, sandy silt, with a 
basal pebble bed, moderately poorly sorted, 
No bedding plancs are visible, and columnar 
ped structure is well-developed. 

Immediately downstream the surface of the 
Coonarbine Formation is scattered with abori- 
ginal artifacts, the colour is redder, and Jand 
snail shells are present. Upstream, near Mulga 
Hore on "Balcanoona", the hasal pebble bed 
has 0.5-1 m thick lenses, cutting into ihe 
Eurinilla Formation. Carbonate nodules from 
the soils developed іп the Eurinilla Formation 
are eroded and incorporated into the basal 
Coonarbine Formation. 

East of Lake Frome the fluviatile facies of 
the Coonarhine Formation gives way to 
atolian seif dunes, forming the partly indurated 
cores of the modern dunes of the southern 
Strzelecki Desert, Exposures occur along the 
flanks cf the modern dunes. The gypsum 
lunettes of the islands have a deposition break 
within them. the significance of which is un- 
certain: il is likely that the part above the 
break corresponds to the Coonarbine Forma- 
tion, 


RELATIONSHIPS BETWEEN 
FORMATIONS 

The Millyera Formation rests disconform- 
ably un the Namba Formation in Lakes Mill- 
yera and Tarkarooloo, hut its relationship to 
the Willawortina Formation is less clear- The 
correlation of conglomerates and sands at the 
Pasmore River Section with similar Facies at 
Lake Tarkarooloo has been mentioned, апа 
suggests the Millyera Formation conglomerate 
equivalent is also disconfarmable on the Willa- 
магипа Formation. The relationship ts similar 
to that at the "Werialoona" section. Further 
support is derived from the presence of bright 
orange to red-brown silt and sand, similar to 
that in the Millyera Formation of seciion 5, 
intertonguing with the conglomerate around 
the mouth of Balcanoona Creek, 

At the "Wertaloona" section (section 1, 
Fig. 3) the dipping sequence of Willawortina 
Formation is overlain with angular апсоп- 
formiy by a small patch of horivemtal con- 
glomerate am! yellow sand. regarded is 
Millyera Formation equivalent. The conglo- 
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merate contains pebbles of  ferruginized 
materinl derived from what was prohably a 
widespread surface, now exhibited as small 
remnants in the same valley. This ferruginiza- 
tion t correlates! with that beneath the 
Millyera Formation at Lake Tarkaroaloo, and 
clsewhere. Deformalion of the Tertiary sc- 
quence occurred before deposition of the 
Millyera Formation and development of the 
ferruginows horizon. 

The disconformity between the Eurinilla 
Formation and Willawortina Formation can 
be seen im clifis along the Pasmore River, The 
clearly disconformable relationship hetween 
the Millyera Formation and Eurinilla Forma- 
tion is seen in section 5 (Fig. 15), The gis- 
conformity fs less obvious for its equivalent, 
the “unnamed conglomerate” of lakes Tar- 
karooloo, Pinpa (?units 1 and 2 of section 8, 
Fig. 15), and clsewhere. 

Relationship between Eurinilla and Coonar- 
bine Formations can be easily observed (for 
example in sections 2, 3, 7 and 9, Fig. 15). 
The Coonürbine Formation сап be frequently 
seen cutting into rhe Eurinilla Formation, and 
the two unils usually have contrasting lithology: 
The soil carbonate at the top of the Eurinilla 
Formation may be completely eroded and 
reworked into the younger unit. 

Rock relationships are summarized in Fig. 
24. 


AGE 


The Millyera Formation has equivalents a! 
the southern edge of Lake Callabonna, and 
northern end of Lake Frome. ft closely re- 
sembles laminated green clays and sands 
bearing Diprotodon found in the main part of 
Lake Callibonna. The temporal range of 
Diprotodon is Pliocene to late Pleistocene. A 
wood radiocarbon age of >40 000 years В.Р. 
(Daily 1960) from these beds has lately been 
confirmed by another wood radiocarbon dute 
of 239 900 years В.Р. (Tedford 1973). At the 
mouth of Poontana Creek, on the Lake Frome 
—Lake Callabonna confluence, dates from 
shells in sands equated with the Millyera 
Formation give ages of 233 400 years Н.Р. 
and 35200 +! 200 years В.Р. (GaK-4949, 
GaK-4948). This shell material has been 
affected by younger pedogenesis, converting 
them to calcite (assuming the shells were ori- 
БіпаПу all aragonite as ure most non-marine 
molluscs). Therefore the dates are minimal, 
and the Millyera Formation has an age іп 
excess of 34 200 years B.P., probably >40 000 
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years Н.Р, Similar shell beds іп a similar strati- 
graphic sequence were recorded al Lake Eyre, 
and gave a date of 39 200 = 1 300 yeurs B.P 
(Johns & Ludbrook 1963), 

The Рита Formation contains Jate 
Pleistocene veriebrate fossils, somewhat dif- 
ferent in generic composition to thüse at Lake 
Callahonna, The fauna occurs in channels at 
the base of the иті, along Billernu Crock east 
of Lake Pinpa. 

The overlying Coonarbine Formation is 
probably late Pleistocene or early Recent. 


REGIONAL CORRELATION 


Equivalents of Millyera Formation are litte 
koown al present, though the sequence de- 
scribed  imunediately above the Etadunna 
Formation in the Madigan Gulf region of 
Lake Eyre North is appareatly very similar 
{King 1956, Ludbrook 1956, Johns & Lud- 
brook 1963). The lithological similarity 
between the fossiliferous greenish sands con- 
taining Coxiella giiest in Mudigan’s Gulf, and 
those in the Millyera Formation of section 5 
(Fig. 15) is marked. All these beds are close 
to or beyond the limits of radiocarbon dating, 
but the closely comparable micro-fauna (ins 
cluding Elphidium spp. Ammonia beccarii, 
Nonion sp: pers, comm, 4, M. Lindsay 1974), 
charophytes and molluscs tend to support 
correlation. The Lake Eyre sequence rests on 
the Etsdunna Formaten, and is overlain by 
rocks resembling the Ticarî Formation, 


The Eurinilla Formation closely resembles 
the Tirari Formation of the Lake Eyre Basin, 
іп lithology, stratigraphic position and topo- 
graphic expression, Vertebrate faunas in basal 
Eurinilla Formation channels indicate equiva- 
fence with the youngest Kutapiri Sand (Stirton 
et al. 1961) of the same basin. 

Other possible equivalents are indicated іп 
Table 4. The Pooraka Formation (Firman 
19562) supposedly resis un Telford Gravel 
(Firman 1963) on the west side of the Flin- 
ders Ranges, and îs overlain by the Lake 
Torrens Formation (Williams & Polach 1971). 
The unnamed conglomerate equivalent of the 
Millyera Fermation lithologically resembles 
the Telford Gravel at Telford open cut, Leigh 
Creck. The Eurinilla Formation, hthologically 
resembling the Lake Torrens Formation, over- 
lies the Millyera Formation, and is im tum 
overlain by the Coonarbine Formation. The 
lamer is similar to the Thomson Creek Forma- 
tion ef Williams & Polach. There also are 
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similarities in the calcareous soil horizons of 
each, in the same gcomerphic situation- 

The Pooraka Formation, Telford Gravel and 
“unnamed conglomerate” ef Lake Frome area 
are probably equivalents. И has been suggested 
by Firman (1971)* that the Telford Gravel is 
equivalent to the whole of the Tirari Forma- 
tion (Eurinilla Formation correlative), but 
this cannot be the ease in the Lake Frorne 
area, The youngest profable equivalents here 
are the conglomerate at the base of the 
Битта Formation, and the most likely corre- 
lative the “unnamed conglomerate“ equivalent 
of the Millyera Formation. 

The unit mapped as Pooraka Formation ой 
COPLEY (Coats 1973) is Coonarbine Forma- 
tion. During mapping COPLEY, Callen & 
Williams (in Coats 1973) recognized a unit 
of reddish brown sand and cobbjes which 
covered most of the surface of the high level 
plains flanking the eastern Flinders Ranges, 
The unit was later named the Arrowie Forma- 
tion by Coats (1973): subsequently mapping 
for FROME has shown it is probably partly 
equivalent to the Coonarbine Formation. The 
two units both contain Jand snail shells, and 
appear to grade laterally into one another at 
the break in slope at the base of low hills 
south of "Wertaloona," However. Coats seems 
to include some younger and older gravels in 
his definition, with ?disconformable relation- 
ships. 


ENVIRONMENT 


The Millyera Formation constitutes. three 
facies groups; the most typical and widespread 
are the laminated ostracode clay and charo- 
phyte limestones (Fig. |81, with associated 
charophyte eogonia-bearing fine sand. Fine 
lamination, ostracodes, and distribution of 
sediment, indicate they are undoubtedly of 
lacustrine origin, The fine sands are well 
rounded and smooth and mav therefore be 
aeolian, having been blown into the lake, or 
carried by floods. Drying of the lake ts indi- 
cated by the charophyte limestone and equiva- 
lent gypsum lamellae (Figs 16, 18; cf, Reeves 
1968, p. 57, 58). Similar modern calcareous 
algal deposits (Fig. 19), grading to rippled 
gypsum crusts, arc present in Lake Kuturu’. 
Waves acting on the very shallow water badies 
break up the filaments and orient them in 
crescent like ripples, sometimes resembling the 
oriented siructures in their fossil equivalents, 
The gypsum laminae may have hotryoidal 
surfaces that are reminiscent of similar forms 
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on the sufface of modern Lake Frome, pro- 
duced by crystallization pressure hnckling the 
surficial crusts, 

The second facies group is the channel facies 
(Fig, 171, of conglomerate/sand which ex- 
hibits Features of meandering streams of large 
size containing bed-forms of slightly crescent- 
shaped aqueous dunes, The streams carried 
pebbles from the Olary Ranges, and eroded 
valleys into the Namba Formation, These 
deposits are lateral equivalents of the “un- 
named conglomerate” which is so extensive 
along the Siccus—Pasmore River System. 

The third facies group are the greenish fos- 
siliferous sands, which (Section 5, Fig, 15) 
зге cross-bedded on a small to medium scale, 
and contain shell beds and fish vertebrate 
Similar shells are also abundant in a narrow 
zone along Billeroo Creek between Lakes 
Kuturu and Tarkarooloo. These deposits ale 
interpreted us shoreline facies of the Pleisto- 
cene Luke Frome. 

These sediments, and equivalents at the 
northern end of Lake Frome, contain the 
foraminiferal assemblage mentioned earlier 
(p. 147). Similar species were also recarded by 
Ludbrook (Ker 1966, p. 94) in equivalent 
strata іл McKenzie Bore, 7,5 km south south- 
cast of section 5. The presence of several 
species of foraminifera over a wide area in the 
same sediments can һе explained in terms 
of Ludrook's (1965) hypothesis of transport 
to salt lakes on the feet of seabirds, with 
subsequent survival for а period, The species 
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present ate mostly Rotaliina with a wide 
salinity tolerance, and diversity is low. Such a 
situation ts typical of inland saline lakes (езіп 
1974), where foraminifera have been intro- 
duced by some dispersal mechanism from 
coastal areas. Species such as Ammonia bec- 
carii аге common in these environments. 
Although the assemblages found at Lake Eyre 
and Lake Frotne are considerably different in 
content from those listed in Table 4 of Resig's 
paper (e.g. Nenion spp. are not recorded, 
though common at Lakes Frome and Eyre) 
this does not detract from the dispersal hypo- 
thesis because each loculily cited in her paper 
has high endemism. The Coorong area con- 
tains û similar assemblage (pers. comm. J. M. 
Lindsay 1975), though its low diversity 15 pro- 
bably the result of high salinity, even though и 
has ә connection with the sea. 


Another explanation. is that there was a 
distant connection to the sea, implying a high 
sea level during the Pleistocene prior ta 40 000 
years В.Р. 

The detrital component of the lacustrine 
Millyera Formation sediments were brought to 
the ancestral Lake Frome by large braided 
streams with a pebble bed load (“unnamed 
conglomerate”) approximately following the 
channels of present day watercourses such as 
the Pasmore-Sictus River system, and the 
Lake Tarkarooloo-Hilleroo Creek system. They 
were much more extensive than their modern 
counterparts. The clasts indicate 8 provenance 
similar to the modern streams, in the Olary 


Figs 16-19. Younger Units. Structures іп Millyera Formation. 
Fiz, 16, Millyera Formalion. Laminated ripple-murked gypsum and clay (Fig. 15, section 5). Scale 30 


cm. 
Fig. 


17. Plan view of cross-stratified channel sand in Millyera Formation channel facies, bed of Lake 


Turkarooloo near Section 6, Fig, 15. Approximates Pi cross-stialification. Current direction 
(arrowed) is te north. Hammer handle 25 cm long. Lominae emphasized by inking. 


‚ 18. Algal tuhules showine rough orientation. Same locality as Fig. 22. Scale in cm. 
. 19. Modern calcareous chatophyte algal filaments, Lake Kuturu, showing crude orientation. Thin 


crust af gypsum (GJ in upper central part of photograph. 


Figs 20-23 Oulcróp, 


upper benches}, basal laminated sand ^ bench just above contact), and upper part of Furinilla 


Formation. Surface in foreground shows carhonute patches of paleosol, and represents the pre- 


overlies Nainba Formation. Millyera Formation shows upper algal limestones und lower mas- 
sive sandy limestone (prominent benches) with intervening clayey sand. Lake Tarkarooloa, 


Fig. 20. Upper part of section 7, Fig. 15, showing dune sand facies of Coonartinc Formaten tiwo 
urmation with calcareous paleosol (just below contact). 
Fig, 21. Section 2, Fig. 15, Columnar-structured sand of Coonarbine Formation overlying | Eurinilla 
Coonarbine Formation lund surface slightly modifisd by present erosion. Scale 30 cm. 
Fiz. 22. Coonarbine Formation sand with columnar jointing, overlying Millyera Formation which in tnm 
near Coombes Bore. Scale 30 em, 
Fig. 23. 


Section 9. Fig. 15 (lower part}. Coonarbine Formation, disconformably overlying Eurinilla 


Farmution which has its upper surface cemented with secondary gypsum (prominent bench). 
Black vlasy of Namba Formation at base (30 cm seale crosses contact). 
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Ranges and southern Flinders Ranges. Large 
straight-crested aqueous dunes typified the 
streams with coarse sandy and pebbly bed 
loads, whereas crescentic dunes characterized 
the streams with a finer sand-bed load, The 
eastern shore of Lake Frome was estimated to 
be about 10 km further east than al present. 


The Eurinilla Formation contains channel 
deposits, exemplified by coarse sand with 
parting lineation and cross-bedding, in troughs 
and point bar deposits along Billeroo Creek. 
The meandering form of these channels сап 
somelimes be seen on aerial photographs. The 
pebbles have sources in the Flinders Ranges 
or Olary Ranges, or have been eroded from 
the underlying Tertiary units. Flood-plam de- 
posits are represented by the finer facies, 
which is sometimes laminated, The initially 
fluviatile phase (basal coarse grained sands) 
gave way to a more complex environment with 
finer fluviatile deposits and large scale cross- 
bedded aeolian deposits, including huge gypsum 
lunettes along the south western shore and on 
the islands, Some possible loess (massive silt 
and very finc sands) is present. These sedi- 
ments transgressed over the older lake deposits 
of the Millyera Formation. The ancient. Lake 
Frome therefore decreased іп size іп medial 
Pieistocene times, being somewhat smaller than 
at presenl. 


The plains of this essentially fluviatile en- 
vironment were inhabited by large marsupials 
(Diprotodon sp., Procaptodon gallah, Sthenu- 
rus sp. and Macrepus sp.) Rivers followed 
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approximately the same coarses as the present 
day drainage. The distribution of lunettes indi- 
cates a dominant wind direction from the west 
and a strong westerly component still charac- 
terizes this region. 


The overlying Coonarbine Formation in 
cludes fluviatile braided stream environments 
west of Lake Frome, and dominantly aeolian 
east of the lake. The Huviatile sediments have 
less defined channels than the Eurinilla Forma- 
lion, pebble sheets being more соттоп. East 
of Lake Frome longitudinal dunes were deve- 
loped, and another minor phase of gypsum 
lunettes built up along the lake shore. Land 
snails probably lived around water holes. 


Conclusions 

Тһе new rock units in the Lake Frome area 
record a history of intermillent deposition 
through Miocene 10 late Pleistocene-Recent 
times. During this interval the extensive rivers, 
lakes and possibly estuarine environments of 
the Miocene Namba Formalion drained areas 
of low relief in a climate of high rainfall, and 
of higher annual temperature than the same 
latitude today, At limes, seasonal dry periods 
became a part of the weather pattern. A con- 
nection with the sea was established at some 
stage, probably to the Murray Basin. Some 
conflicting climatic evidence is partly resolved 
by applying the continental lessivage hypo- 
thesis (Millot 1964, as modified by Wiersma 
1970) in relation to the smectite—dolomite— 
palygorskite mineral suite. Thus warm (ет- 
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Fig, 24. Cainozoic rock stratigraphic relationships, Lake Frame. 


S.A. Department of Mines 


CAINOZOIC ROCK UNITS 153 


perale to subtropical conditions prevailed. with 
savannah landscape, and gallery forests around 
the large permanent streams and lakes, 


Uplift of the Flinders Ranges occurred al 
the earliest during late Miocene times, con- 
tinved through the Pliocene intermittently into 
the Quaternary, and is still procceding at 
present, Prior to this, at least during the 
Cainozoic, the Flinders Ranges were virtually 
non-existent. The sediments deposited during 
the Pliocene-early Pleistocene Epochs record 
the change from the earlier Miocene palaeo- 
geography to the very different landscape 
approximating that of the present. Lakes and 
swamps during Tertiary times disappeared 
during the Pleistocene, ая tectonism and 
climatic change altered the depositional 
regime. Drainage resembled that of the present 
during the late Pieistocene, indicating the basin 
was approaching its present configuration, 


The Millyera Formation indicates active de- 
position on a playa lake somewhat larger than 
ihe present. The changing character of the 
sediments from Millyera to Coonarbine For- 
mation suggests overall increasing aridity, pro- 
bably seasonally distributed during Eurinilla 
Formation limes, as exemplified by the forma- 
tion of the gypsum lunettes. Marked climatic 
fuctualions were superposed on this overall 
climatic trend. Uplift of the ranges continued, 


alternating with periods of stability during 
which soils developed. 

Rock relationships are summarized in Fig. 
24. 
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Appendix 1 


OLDER CAINOZOIC UNITS 
Fig. 3, sections f, 10, 11, 12, Fig 14, section 13 


NAMBA FORMATION TYPE SECTION 
SADM Yalkalpo No. 1 Stratigraphic Bore. Fig. 3 Section 12 
COONARBINE FORMATION І , 
2.00. SAND. medium grained, strong reddish brown (2.5YR4/5). Subrounded grains. Rec- 
tangular joint pattern and сагћапаіе cylindroids in upper part. 
— Disconformity — 
NAMBA FORMATION 


Unit 18. 140 CLAY, slightly silty, with scattered gypsum spois, Light grey (N.4) with moderare yel. 
3.40 lowish orange ([0OY R5/6) patches, Sharp upper contact. 
Unit 17. 1.35. Interbedded SAND and CLAY overlain by SILT. Sand is very fine grained, laminated 
4.75 and small scale cross laminated, аз are the silt beds at the top of the unit, Lower beds. have 
structure destroyed by secondary gypsificution. Contacts between sand and clay beds are sharp 
and flat. Sand-filled shrinkage cracks extend down from the wavy irregular upper contact. 
Unit 16. 6.45. SILTY CLAY. Poorly sorted, diffusely laminated. Two silt beds with gradational to 
12.00 sharp contacts near the top. lower 1 m burrowed and bioturbated with wavy irregular upper 
bedding plane separating it from the remuinder of the sequence. Irregular shiny fracture planes 
(crumbly texture) and gypsum nodules developed in upper part. Light to moderale olive grey 
(5Y4/2-5Y 5/1. 5-5Y6/1). Mottled black and yellow (5Y4/0.5) in lower silt. 
0.80. No recovery. 
0.20, Ав before. Shrinkage cracks filled with sand extend down from upper unit—wavy 
irregular contact, Light olive grey (5Y 3/2). 
Unit 1%, 0,20, SILT, Laminated, very fine cross-laminated, burrowed in part. Very pale yellowish grey 
12.20 «NI to 5Y9/1), Upper contact sharp and flat. burrowed. 
Unit Та, 3,00 SILTY CLAY. Intraformationally brecciated. Borrowed and biolurhated in lower half, 
£5.20 upper half with angular clay clasts and slump structures, Upper contact sharp, flat. 
Unit 13, 1,70, CLAY SILT and CLAY. Poorly sorted, Clay beds near centre. Rurrowed at top, intra- 
17.30 formational brecciation common. Pale to light olive clay (10Y6/2 to 6/4), silt pale grey to 
pale yellowish grey (SY8/1 to N7), Upper contact sharp and flat. 
040, SAND and SILT, interbedded, weakly laminated, wavy sharp contacts between inter- 
beds. Sand is very fine, very angular (quartz crystal faces—overgrawths on rounded grains, 
contacts between overgrowth and grain visible). 
Unt 12. 1.05. No recovery. 
19.59 1.24. SAND, grading up to CLAY SILT and SILT. Sand hus small-scale cross lamination with 
heavy mineral luminae. 
Unit Tl. 0.05, CLAY, black as below, Contact with overlying bed sharp and fiat. 
21,52 1.13. No recovery. 
0.75. SAND, grading up to CLAYEY SILT. Sand very fine, wavy lamination, Colour 5Y6/4, 
Unit 10. 0.20, SILT and CLAY, interlaminated, Name structures on contacts. Light olive grey (Clay 
26.82 5Y 6/1, Silt N9). Contact with ип 11 sharp and flar, 


2,30, SILT. lower bed laminated and cross-bedded, with scattered burrows. 

result of bioturbation and extensive burrawing. Upper contact wavy and irregular, 

9.30, CLAY. laminated, colour NO, 4Y4/2, With CHRLONIA scute at 24.21 mi. Upper con- 
tact sharp, with flame structures. 
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140, SAND, fine grained in lower 1/5 grading up to laminated and burrowed light grey 
(NS) SILT. Sand grains smooth and shiny, angular. some well rounded and frosted, many 
with crystal faces and re-entrants. Upper contact wavy and irregular. Grading down to . . 
1.10, SIU), laminated and small scale cross-bedded, with scattered burrows, 

Units. 320, CLAY, black (М1) mottled light olive brown (5Y5/6). with sand patches and other fea» 

35.52 tures as before, Contact with sand lower in unit gradational. Large sand grains in the patches 
are polished, rounded to well rounded, smaller grams being angular to subangular with over- 
growths(?). Some of the larger grains show rounded crystal forms. 
0.35, No recovery, 
3,60. SAND, us below. Calcile patches and. very coarse mica common. Polymodal, poorly 
sorted overall, Small sizes angular, coarse are rounded, some doubly terminated crystals. 1n- 
terbedded light grey (N7) clay in centre of unit. Becoming well sorted and fine grained at top 
with mixed well rounded and angular grains, Obscure small scale eross bedding and lamination, 
0.60, No recovery, 
994, SAND, Coarse to medium grained, slightly calcareous. Large grains polished, others with 
crystal faces (overgrowths?) which give stepped shiny surfaces Many grams show original 
elongate quartz prism shape. 

Unt. 8 0.70. Alternating SAND and CLAY, Sand very fine grained with small scale trough cross- 

36.22 lamination. Clay olive to medium grey (5 Ү5/0.5). 

Unit 7. — 0.30. Clay as below, Sharp wavy upper contact, 

39.22 1.23. No recovery. 
1.45, Alternating SAND-CLAY fining upwards sequences, Several thin beds, beginning with 
very fine grained sand al base. Sharp lat contacts, grading to black (М2, SYR2/1) clay with 
orange hrown specks and sand patches in top 20 cm. 

Unit6 0.94, SANDY SILT. grading up to CLAY. Black (N2) clay us for unit 5, with fine sand 

40,79 patches, 1/1 of sequence. Sharp wavy upper contact. 
0.58, No recovery. 
0.05. SIL T. with slump structures. 

Unit 5. 655 SAND, SICT and CLAY alternating in lower 1/2, grading to CT.AY at top. Lithology өз 

47.44 for unit 4. Obscurely laminated in lower part, lenticular bedding, Light olive grey (5Y6/1) 
with oxidised brown patches (IV R6/6). Calcareous at transition (25 cm) to dark clay. Sand 
distributed in vertical streaks and patches through the dark olive clay (5Y 5/1). Irregulsr 
wavy upper contact. 

Unit4. 330. SILT, grading up to CLAY. Lower 1/3 laminated silty and clay with very-small to small 

$0.84 scale cross bedding st base, some hurrows. Pale yellowish grey (5Y9/1) and pale olive 
[(10Y 6/2). Grades rapidly into sandy clay with vertically oriented structure and lime streaks, 
yellowish grey to pale olive (3V7/2 to 9Y8/2), This grades 10 tough black (МІЗ clay with 
orange brown dendrite mottling and patches of fine sand. A thin brown band of tron oxides 
is present. Upper contael wavy, irregular. 

Unit, 3. 1.20. SAND, grading to CALCAREOUS CLAY. Lower 40 cm very fine trained, loosely 

52.04 cemented by quartz overgrowths (original grains rounded) calcareous at Баз, Heavy minerals 
1%, Dusky yellow (5Y4/1), Clay is olive grey (5Ү4/1) and has white vertically oriented 
streaks and sheets of carbonate, Contact with overlying unir is sharp and wavy. 

Unit 2. 1.94 No recovery. 

56.60 0,22. SAND, very fine grained as for base unit, Contact with underlying clay irregular, with 
mixing. 
110. CLAY, as for base unit 1, silty top, with moderate yellow green clay patches which be- 
rome dull on exposure (7GY4/1, 5Y5/2, 5Y 4/2). Obscure lamination. 
1.00. No recovery. i . А 
0.20. SAND, very fine grained, scattered medium, polished urnins, Opaques common. Бөлік 
paiches modernse yellow green clay (7GY4/1—5Y4/2). 

Uni 1, 120. CLAY, waxy lustre on curved irregular fractures. Rare angular white carbonate lumps 
and streaks. Olive krey (5Y5/2). 


МАМВА FORMATION 
Supplementary Section Outerop, West Sida Luke "Farkarooloo, Section 13, Fig. 14 
Section 134, north of the northern track crossing Lake Tarkarvolao. 
COONARBINE FORMATION 
WIO SAND. Very calcareous, with numerous 1-5 cm dolomite nodules and ferrusinous sandstoite 
lumps (reworked Irom Namba Formation), 3YR8/5. 
— Disconformity — 

EURINILLA FORMATION 
2.10. CLAY-SILT-SAND. Silt (dominant) to fine grained eund, poorly sorted, Lower 101 om moderately 
sorte medium grained sand. Up to 50% reworked dolomite nodules (pisolitic) of granule to pebble 
size in lower part, 73 x 5 cm maximum size, and little evidence for abrasion, Upper 10-70 сла with gyp- 
sim nodules and carbonate: patches. Green-bluck ferrruginous and maneaniferous stain, otherwise Прі 
reil-hrawn 2.5 Y R5 /b; 

| — Dusconfürmity — 
NAMBA FORMATION | 
3185, CLAY, GYPSUM, Slightly silty clay, very hard, ileht weight. crumbly with greasy lustre, Colour 
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8Ү5/2 ta 5/1, mottled red-brown, yellow brown and black, specked with while gypsum flour, 80 cm 
horizon of caulillowcrolk! gypsum nodules 1.10 m from top. Nodules 0.25-0.50 cm Шап, with clay 
Cores, ngt associated with any porosity change in host sediment. 

1.25. DOLOMITE, CLAY. Lower dolomite 6.60 m clay 0,50 m upper dolomite 0,15 m. Lower dolo- 
mite nodular (iniraformatianal conglomerale} al top, manganese dendrites (hraughoul. White, very fine 
grained, with 555 angular silt, Upper dolomite contains ostracades. Clay 23 above, 

1.95. CLAY. 5% angular silt to vety fine sand, grading 10 sand at base and dolomite at top. Very hard, 
light, dry and crumbly, with manganese stain. 

1.45. SILT. Silt and very fine sand, becoming clayey at lop. Bioturbated at lop, 2—3 cm burrows, о|һет- 
wise finely Laminated, Minor bright green clay laminae, Тор 40 cm impregnated with gypsum, mottled 
orange brown. Very light grey to white overall. Lower contact sharp, flat. 

170. CLAY-SILT, DOLOMITE. Clay with 40% sili, 5-155 very fine sand. Arenaceous fraction of 
moderately sorted, angular grains, Colour 3Y6/L. orange to orange-brown mottling, Nodules and 
patches of greenish-white very fine grained sandy dolomite, weathering as 2 cm granules al top and 
bottom, Black stained, 

0.78. Aliernating SAND and CLAY. Sand beds range from silt io very fine sand, colour 5V8/2. Clay is 
sandy. Individual beds 2-27 cm. Lower beds have sharper contacts and are laminated, very finely cross- 
bedded апа lensing, Orange brown mottling and gypsum in upper part of section. Minor modular dolo- 
mite. 

O80, SILTY CLAY, Silt to very fine sand 10-20% subangular Frosted grains. Clay bas greasy lustra 
and 5Ү6/2 colour. Upper cantact very sharp, fiat. 

1.00, SAND and DOLOMITE. Sandy clay and clayey sand with dolomite nodules 2-30 om thick at top 
and boltom, Sand is subangular to subrounded. moderately well sarted, with frosted grins: Weathers 
їо hard light brown sandstone, base cemented with gypsum, Sandy clay is 5Ұ5/2, clayey sand 5Y773, 
mottled with yellow green patches, and black patches at base (NI-NS). Very sandy parts are І0ҮК6/2- 
SYRS/2 ut base. 

азды is very fine grained with botryoidal upper surface, in way, lensing beds. Greenish upper sur 
aces, 

0.30 SAND, As above. 

0.23. CLAY. Mottled clay and very fine sand, finely laminated beds which ate irregular and lenticular, 
and have yellow green (10Y R676} clay patches and, cross-cutting brown (10Ү R8/6] patches with black 
centres, Sand (5Y7/2). Basal 2 cm fine white sand. Gradational upper contact. Contains dark brown to 
yellow-orange irregular silerete and ironstone nodules. 

0.02-0.03. CLAY. As above. Sharp contacts, 

0.23. SAND. Very fine, yellow green clay lamellae, Obscure medium cross bedding, straight foresets 
Stained greenish black, Sharp upper contacts, 

0.25. CLAY. As higher in the sequence. Upper 5-[0 cm doelomitic, vellaw-sreen and brown mottled. 
010 SAND, As above. Obscurely cross-bedded. selenite cement al base. 

1.30. CLAY. Silly. Very finely laminated, with very small scale cross-hed sets. Colour SY 6/0.5, өссе 
sional black and brown patches, Upper contact sharp, flat, 

0.70. CLAY. Slightly silly, hard, with sub-conchoidal fracture and greasy lustre. Selenite on contact with 
overlying unit. Stight greenish brown dint, otherwise N4, 

Section 13B, south of the northern track, crossing Lake Tarkarnoloo (200 m souh of section 13A). 
Constructed from a series of breakaway slopes, and a scoured channel іп the centre of the lake, 
Beginning from the top of the black clay, as al the base of the previous section, the sequence is «as 
follows (from sally sequence |; 

3.5, CLAY. Dark erey lay wath irregular shiny surfaced Fractures, becoming Не Мет coloured towards 
base. 52 out poorly, forming low angle vegetated slopes, Upper сопіасі sharp, flat. Lawer contact 
moderately sharp to disturbed. 

2.1. SAND, Very fine to fine gruined, black stained. Thin 5 cm beds and fme laminate, Brown silcrete 
nodules throughout, Thin horizon of DOLOMITE nodules ac top, Abour 20 cin above the base are 10 
cm of laminated silty limestone with low amplitude symmetrical ripples. mud cracks, and 1-3 mm 
tong tubules of organic origin. Sharp basal contact with ~,- 

0.25 CLAY, As at top of sequence (13B). 

On а small noll isolated wear the edge of the fake, the sequence continues ns follows, with same overlap; 
0.55. DOLOMITE, Sandy nodular white dolomite. impregnated with gypsum and calcite, plus tabular 
biack manganese concretions. 

0.95 SAND, Fine grained, well sorted, laminated and silly at base. Cemented by gypsum and calcite in 
рагі. Numerous carbonate nodules cahibiling concentric structure. Some have vertical tubular disposi- 
lian with an internal structure snggestive of shrinkage (cf, silorete nodules}, Black and brown stain at 
base. with orange brown and yellow green patch stain. This, and the previous unit are equivalent to the 
2.1 m of sand described above, with its hed of dolomite nodules 


2.5, CLAYEY SILT. Alternating hard clay and clayey sift in very fine Iamellae (varve-like), Silty grey 
clay lenses. Yellow green patches with waxy lustre. Clay dominant at base, N5, 10Y 5/4 to 6/6, Con- 
tact with underlying unit sharp, undulating: same contac! as at base of 2.1 m sand described im pulls 
section abave. 

0.5, CLAY, Hand, greasy lustre, irregular fracture. N3 at top grading down io 5Y4/1, 

This clay crops out across the bed of the Joke 1a its centre, where z scour next to a salt spring exhibits 
n further 2.5 m of massive hand erey clay 
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NAMBA FORMATION SUPPLEMENTARY SECTION 
SADM Wooltana 1 Stratigraphic Bore, Section L1. Fig. 3 


"EURINILLA FORMATION 
0.0 19 5.2 m No core 


5.2 


0.9 COBBLE CONGLOMERATE: Cemented with réd-brown carbanate, Mica schist, gneiss, 
quarizite. Sindy (medium grained), with subrounded to well rounded, erains, 


— "?Discontormity — 


WILLAWORTINA FORMATION AND NAMBA FORMATION {intertonguing) 


Units 


7.2 


67.65 


NAMBA 
Units 
74.15 


1.1 DOLOMITE. Sandy, clayey at бахе, SYR6/4 to N6. Sharp upper contact, gradurional 
lower contact, 
3.8 CLAY. Slightly sandy, with dolomite nodules. Clay 7Y7/2 with red-brown vertical pipe 
structure, Sand suhangular (о subrounded. Some gypsum patches m lower part, Lower сощ» 
tact eradational. SO em core missing. 
0.65 SAND. Fine sand, very poorly sorted, subangular to subrounded, Thin datomite beds. 
Dolomite nodules, Clay at base. 

11.65 to 12.50 Ма core 
16.15 CLAY grading to SAND at hase. Numerous dolomite nodules and sume beds, 
Extrentely poorly sorted medium sand to coarse sill, Some gypsum patches ат top. Green and 
red-brown pipe structure, Sand subangular to well rounded, Sharp basal contact. 40 cm core 
missing in sand interval, 
4.45 CLAY grading to SAND at base, As above. Mica in basal sand. 2.5ҮК/4-6, 5Ү6/1 
mottles. Sharp wavy basal contact. 
5.6 CLAY, and DOLOMITE grading to SAND at base, As above, but dolomite beds in upper 
clayey part. Dolomite ік 2045 clay, Medium silt, extremely poorly-sorted. Sand subangular 
to rounded. Gradational wavy lower contact. 
4.45 CLAY, grading to SAND ot base. As above. Dolomite beds (brawn) and nodiles 
throughout. Sand patches at top. Lower contact rradatianal, 
4.95 CLAY grading to DOLOMTTE then SAND at base, As above. Mottled red-brown, green 
and yellow grey. Very poorly sorted. Minor core loss. Lower contact gradationnl, 
5.18 SANDY CLAY grading to SAND at base, As above, Dolomite beds and nodules 
throughout, Sand laminated, micaceous. Intraformational clay and carbonate at hase, Sand 
reaches medium grain size. Subangular to rounded. Disturbed irregular basal contact. 
14,50 CLAY cf. NAMBA FORMATION, Parchy sand апа carbonate tiear top, Reticulate net- 
work of carbonate "veins". Lower part with limonite nodules, irregular shiny black-stained 
fractured clay. Obscurely laminated in middle рагі, Sand very fine, angular to subrounded. 
5Ү6/1, 2.5ҰК6/2-8, 10YRB/2, 2,5 YR5/6, 5Ү7/1.5, 5ҮБ/І, 5Ү4/5, 2-3 m core missing, 
mainly in upper part. 
6.7 SANDY CLAY. Micaceous finely laminated silt becoming pebbly at 72 m, revertine to 
clay ai base. Extremely poorly sorted, Granite, quartzite, shale, quartz and gneiss pebbles. 
Very angular to subrounded. Clay intratormationally brecciated and burrowed in lower part. 
Minor carbonate, c.f, WILLAWORTINA FORMATION, Gradational lower contact. 
FORMATION 


4.9 Alternating DOLOMITE atid CLAY, Dolomite (5-10 cm thick), oolitic white, aphanitic. 
with charophytes, ostracades, molluscs and unidentified calcareous "plant fossils. Numerous 
burrows in clay beds (all about 1 m thick). Micuceous silt in part. Bioturbated, Laminated 
at hase, Sharp База! contact. 

7.9 CLAY, minor DOLOMITE. Upper part similar to above, laminated and burrowed, Clay 
ever SYR4/6, becoming sandy at base, with rounded clay clasts, Basal contact grada» 
tional, 

1.75 SANDY CLAY. Calcareous. 5Y5/1 to 5Y6/1. Sharp basal contaci 

0.10 CLAY. Sharp contacts. 

2.00 Interbedded DOLOMITE and CI.A Y. Dolomite as above. Very finely interlaminated with 
brittle, swelling clay, Shrinkage cracks common. Burrowed. Contacis on carbonate bede sharp 
and wary to disturbed irregular. 7Y571, 5Y6/1, N3,5, 5¥4/2. 

2,55 MARL and GYPSUM. Alternating thin selenite atid calcareous clay, Sharp contacts ой 
gypsum. Gradational lower contact. Black to dark olive. 

4.60 CLAY grading to DOLOMITE and MARL at base. Numerous gypsum nodules, 4Y5/1, 
3Y8/2. Mottled SY R6/7. Minor gypsum Ізгпіпас, Contacts wavy eradational то disturbed 
irregular. Intraformational breccinted, 

3.55 CALCAREOUS CLAY. Trregular shiny fractures, oxidized red-brown patches. Swelling, 
very porous. Subaqueous shrinkage cracks, 

9.15 CLAY. Sandy in centre, with selenite veins infilling slickensided joints. Sand laminated. 
Clay with irregular shiny surfaced fractures as above, 10-15% very fine sand to silt. Alternat- 
ing colour pattern—oxidized red-brown clay passes down 10 3Y4/2 10 6Y7/1 clay, has sharp 
upper surfaces. Basal contact irregular, disturbed. 

7.1 CLAY. As above. Basal thin white dolomite. Churned structure suggests biaturbation, 

7.48 CLAY grading to SIT in lower half, Silt well laminated, micaceous, very small scale 


123.45 
129.00 
130,80 


138 (9 
140,66 


Unit 3 
147.30 


163.40 
163 20 


156.80 
170.80 


211.0 


221,3 


236.0 
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cross-laminated, Grains very angular to sub-rounded. Silt moderately sorted. Lower contact 
moderately sharp. 

4.55 Alternating SAND, CLAY. Sand very fine, micaceons, small scale cross bedded, 
laminated. Lower contact moderately sharp. 

1.80 As above. Lower contact irregular, wavy, 

5.00 SAND, interbedded CLAY, Sand fine to medium, well sorted, small to mediuin scale 
cross-bedded. Micaceous and with clay balls. Grains very angular to subrounded. Sharp wavy 
contacts. 

2.60 SAND, As above, Upward fining, Some clay at lop, burrowed. Poorly sorted, average 
very fine grained. Wavy moderately sharp lower contact, 

6.70 Alternating SAND, SILT, CLAY, CARBONATE. Sand as above. Carbonate nodular. 
Clay dark grey. Bioturbated and intrnformationally brecciated. Mainly fining upward 
sequences, Sand dominant, Contacts irregular, disturbed. 


26.10 CLAY grading to SAND in lower 1.5 m, Manganese nodules above sand, Minor sand 
bed at 157 m. Clay М5, numerous irregular shiny fractures. Sandy, averaging very fine silt. 
very poorly sorted. Sand and very fine silt, very poorly sorted. Sand very fine, burrowed and 
laminated. Very angular to angular grains. Irregularly disturbed lower contact. 

1.80 SILT. S¥6.5/0.25, orange brown moltles, obscure lamination, bioturbnted. Sharp wavy 
lower contact. Grades io very fine sand at base, 

3,4 SAND, Fining upwards from fine sand to clay. Thin clay bed with sharp contacts near 
tup. Medium scale cross-bedded. 6Y6/1 to 5Y7/2. Sand poorly sorted. Moderately sharp 
wavy lower contact, 

4.00 CLAY grading to SAND at base. Upper 1 m sandy, lower very fine obscurely laminated 
sand, Clay with irregular fractures, 35Y4/1. Sand beds have gradational contacts, 

4.9) AS ABOVE, Minor sand at 172.2 m. Basal very fine sand, moderately sorted, obscurely 
small scale cross laminated, burrowed, Gypsum nodules. Clay as above with fractures and 
orange to red-brown moltles. Sand very angular to angular. 

7.4 Sill. Laminated fine, very pooríy sorted silt, вурзит nodules at top. very small scale 
cross-bedded, some burrows. 3 m missing іп central part. Sharp wavy lower contact. 

4.6 SANDY CLAY, grading to SAND at base, Cycle as above, Some calcareous zanes, 5Y 5/1, 
5Y3/4. Sandy at 185 пу, Basal sand fine grained, sub-rounded. Moderately sorted, Lower con- 
tact moderately sharp. 

8.8 SANDY CLAY, SAND at base, Upper 3/4:N2 to SGY7/0.5 clay as above with fractures 
and sandy patches. Dolomite nodules at contact with sand. Sand very fine to fiie, very poorly 
sorted, SY4/1 to N&, Burrowed near top sand, rest bloturbated, obscurely cross-stratified, 

0.9 SILT, Minor alternating clay and sand, sharp contacts. Silt laminated, Lower contact 
shafgp and wavy. 


14.0 Alternating DOLOMITE, CLAY, SILT and SAND, Complex inter-relationship between 
clay-dolamite cycles and sand and clay beds c.f. above. Contacts variable. Dolomite intra- 
formationally brecciated, Sit laminated. Bioturbated and burrowed horizons. Clays with 
wéeeular fractures and orange mottles. Beds 40 em-1-3 m thick. 

16.3 Alternating LIMESTONE, DOLOMITE and CLAY. Consists of 1-2 m carbonate beds 
grading up 1o clay via disturbed zone. Clay beds burrowed or biolurbaied, 10Y5/2 to 
IGYR7/2. Base of dolomite beds sharp und wavy. Dolomite aphanitic, white laminated. with 
oolitic zone. Ostracodes common, algal mats present. Zone 215-217 m of very narrow clay 
filled cracks, Irregular shiny fractures dominate іп сізу near base, otherwise absent, At top of 
this sequence is 5 em rnethitc-limonite crust. 

87 CLAY. Calcareous, intraformationally brecciated with numerous white carbanaie specks, 
Trregular shiny surfaced fractures, N1 to olive green, Quartz rare, very fine to fine, angular, 
Lower contact gradational 

8.45 CLAY. Fissile pyritic carbonaceous very finely laminated clay wlth silt parting. Fine 
laminac of N1 to dark olive or 5Y2/1 colour. Numerous plant stem and leaf impressions or 
fruiting bodies, fish spines and scales, ostracodes (often іп pure layers}, gastropod prato- 
conchs, spores and pollen. Burrows (pyrite filled) and bedding plane traces. Numerous pyrite- 
marcasite nodules. Some subaqucous shrinkage cracks. 


WILLAWORTINA FORMATION TYPE SECTION 


Western Nuclear WC2 Bore. Section 10, Fig. 3 
"?COONARBINE FORMATION and JEURINILLA FORMATION 


0.00 to 7.05 Cuttings only. SANDY PEBBLES, SAND. Micaceous. calcareous, impregnated with gyp- 


sunt (схсерг sand). Angular to very angular, 2 5¥R4/8, 2.5YRI/6, 
— Disconformity — 


WILLAWORTINA FORMATION—MEMBRR 3 


7.45 
7.89 
9,54 
9.84 


0.44 No recovery, 

1.45 SAND as below, 1-3% muscovite. 

0.30 No recovery. 

3.95 SAND grading to SILT. Sand very poorly sorted and very fine grained, silt coarse, pebbly 
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and micaccous. Thin pebble bed grading up to sand at base. Porous zones impregnated with 
gypsum. 

0.25 No recovery. 

1.21 PEBBLY CLAY SILT, poorly sorted, with basal pebble bed, impregnated with gypsum. 
1.50 No recovery. 

0.24 PEBBLES, subrounded to rounded. Coarse feldspathic gneiss, fine biotile quartz feld- 
spar gneiss, purple stained coarse feldspar, 

0.68 No recovery. 

0.13 SAND, pebbly, coarse grained, Feldspars, muscovite, biotite 

1.98 No recovery—a few abraded pebbles. 

0.24 SAND, fine grained and micaceous. 

0.22 No recovery. 

0.38 GRANULES grading up to PEBBLES. 

1,45 No recovery. . 

0.28 GRANULES to SAND, medium grained. Larger grains subrounded. Mica 5%, pink 
potash feldspar 15-20%. 

0.64 No recovery. 

0.33 CLAYEY SAND, very fine grained and micaceous, sharp wavy content with overlying 20 
cm of COBBLES. 5-10% muscovite, pink potash feldspar. Yellowish grey (5Y7/2). 

1.49 No recovery. 

0.11 SAND, grading up to GRANULES. Sand medium grained with dull, pitted or shiny sur- 
faced, angular to subangular grains. 15-20% feldspar (mostly pink potash variety). Musco- 
vite апа biotite flakes in the quartz. 

0,80 No recovery. 

0.20 SAND, pebbly, micaceous and overall fine grained. 

0.72 No recovery. 

0.14 COBBLES, sandy. 

0.47 No recovery, 

0.17 Pebbly micaceous coarse sand. 

1.00 No recovery. 

0.237 SAND, grading over short interval to COBBLES at top. Sand is poorly sorted and 
micaceous, medium grained. 

1.61 No recovery. 

0.27 COBBLES, passing over short interval to medium micaceous SAND, 

0.72 No recovery. 

0.53 SAND, grading to COBBLES in upper half. Sand micaceous and poorly sorted, medium 
grained, Clasts pink quartzite with mitaceous hematite, purple fine quartzite, vein quartz. 
large potash feldspar pebbles. 

1.00 No recovery. 

0.26 SANDY PEBBLES, micaceous. 

0.5Е No recovery. 

0.30 SAND, coarse and poorly sorted, micaceous. 

0.30 No recovery. 

0,39 PEBBLY SAND, very poorly sorted, micaceous, coarse grained. Dusky yellowish grey 
(5Y6/2). 

0.57 No recovery. 

0.24 CLAY, sandy, micaceous, 

0.62 No recovery. 

0.13 PEBBLY SAND, fine grained, moderate reddish hrown (2.5Y R5/6 io 4/6). 

2.00 No recovery. і 

0.30 CORRLES and PEBBLES overlain by fine grained CLAYEY SAND. 

0.20 No recovery. 

0.56 GRANULE bed, thin, overlain by thick SANDY COBBLY PEBBLE bed (white vein 
quartz, pink potash feldspar, pink ferruginous quartzite, coarse siliceous gneiss ог granite, dark 
grey Shale, weathered fine gneiss). 

0.77 No recovery. 

0,20 SAND as before, with clayey sandy cobble bed at top. 

0.71 No recovery. 

2.46 SAND, coarse at base, grading up io extremely poorly sorted fine sand. Vertically 
oriented reddish brown pipes. 

1.29 No recovery. 

0.53 PEBBLY SAND, sand medium grained. 

0.23 No recovery. 

2.77 Fine SAND as before, grading up to pebbly medium grained sand in upper 1/3. 

0.18 No récovery. 

1.47 SAND, poorly sorted and very fine grained, micaceous, with scattered granules, two thin 
pebble beds at base. 

0.63 No recovery. 

0.35 PEBBLES, passing over short interval іп SAND, clayey, micaceons and fine grained. 
poorly sorted, 
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30.05 1.64 No recovery. y ) 

51.69 Шам CLAYEY SAND, coarse and very poorly sorted, grading to boulders. Metaquartzite 
clasts. 

52.03 1.23 Мо rccovery. 

$326 0.29 SAND, micaceous and very fine, light yellow-brown (7YR5/6). Very poorly sorted. 

53.55 1.25 No recovery. 

54.80 0.50 SAND, very micaceous, very fine grained. Pebble bed in centre (granite, banded pink 
and white quartzite). 

55,0 0,58 No recovery. 

55.80 0.63 SAND, fine, grading up to fine grained with scattered granules. 

56.43 0.30 No recovety. | 

5673 0.44 SAND, as above. Feldspathic quartzite pebbles. 

57.17 0.48 No recovery. 

57.65 0.40 SAND, as above, pebble cobble bed in centre. 

58.05 0.49 No recovery, 

58,54 0.84 CLAY, and pebbly SAND, coarse grained. Grades rapidly to micaceous CLAYEY 
SAND, fine grained, in upper 30 cm. 

59.38 0.69 No recovery. 

60.07 0.56 SAND, as below, fining to fine grain size at top. 

MEMBER 2 

60.63 80.66 No recovery. 

61.22 0.54 SAND, as below, no granules. 

61.83 1.43 No recovery. 

63.26 0.99 SAND, slightly clayey, medium grained, with granules. Coarsening upwards. 

64.25 1.50 No recovery. 

65.75 tae COBBLES: massive pink granite, very fine dark quartzite, pink feldspar with ?һогп- 

cnde, 

65.98 1,30 No recovery. 

67.28 0.10 SAND, medium micaceous and clayey. 

67.38 0.19 No recovery, | 

67.57 0.34 GRANULES, grading to CLAY-SILT. 

67.9] 0.84 CLAYBY SAND, coarse, pebble interbeds. 

68.75 0,05 No recovery. 

68.80 0.47 SAND, coarse and poorly sorted, pebbly, Pebbles of quartz and gneiss. 

69.27 0.14 No recovety. 

6941 0.4] SANDY CLAY, as before grading up to COBBLY SAND. 

69.82 0.12 No recovery, 

69.94 0.18 SANDY CLAY, as before. Micaceous, 

70.12 0.25 No recovery. 

70.95 0.85 Silty clay grading up to cobbles, 

71.82 0.33 No recovery. 

72.15 0.27 SAND, medium, grading up to CLA Y. 

72.42 0.13 No recovery. 

72.55 4.07 SILT, extremely poorly sorted, medium size. 

76.62 0.11 No recovery. 

7673 1.40 SAND, very fine, pebbly, grading to SANDY SILT CLAY. 

78.3 0.95 No recovery. 

79.08 0.85 GRANULES (lower 20 cm) grading up over short interval to SAND, clayey, medium 
grained, very poorly sorted. 

79.993 0,17 No recovery. 

80.10 1.68 SAND, very fine, grading to very coarse at top. 1% muscovite and biotite, 10-15% 
potash feldspar. Grains very angular to subangular and dull, Small grains shiny and faceted. 
Extremely poor sorting. 

81.78 0,15 No recovery. 

81.93 0.25 SAND, fine grained, very poorly sorted. 

82.18 0,16 No recovery. 

82.34 045 GRANULES, basal bed, grading over short interval to very poorly sorted CLAY, very 
sandy. 

MEMBER I 

83.18 0.06 No recovery. 

8324 0.76 CLAY, lower 10 cm sharp contact with SAND, coarse grained to granule sized. CLAY 
thin bed at top. Extremely poorly sortéd, 

84.00 0.37 No recovery. 

84.40 0.10 SAND, fine graincd, clayey. 

84.47 1,37 No recovery. ; 

85.84 1.50 SILTY CLAY. Very poorly sorted, with thin coarse sand beds. 

8734 2,03 No recovery. 

89.37 5.74 SILT, SILTY CLAY, Extremely poorly sorted coarse silt, silty clay micdteous. Thin 


coarsé grained sand bcd (91.2 т), above which the sediment coarsens from clay to very fine 
gtained sand. 
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0,45 No recovery, 

1.81 SAND, grading to CLAY at top, Sand very coarse, clay silty and micaceous with a thin 
granule bed near the top. Yellowish grey (5Ү8/11. 

0.26 No recovery. 

3.79 SANDY CLAY, SAND. Sandy clay has medium grained sand fraction, very poorly 
sorted, grades to clayey coarse sand, with very angular io subangular pitted to shiny grains, 
Feldspar is common. The base of this interval is taken as the base of the WILLAWORTINA 
FORMATION. 

1.08 No recovery. 


NAMBA FORMATION | 
2.0 CLAY. 15-20% subaneular to subrounded sand, minor mica. Sand patchy near base, 
with irregular shiny-surfaced fractures (skcw-planes|. 5Y 6.5/2 to 4Y 5/1. Basal contact sharp, 
30 cm core missing near hase. 
1.10 CLAY. As above. 10% sand, no mica, nodular and swelling with well developed frac- 
lures. Alunité mottles at base, 20 cm core missing in centre of interval, 1Y4/1, ta 6ҮК6/І at 
base, Sharp basal contact. i 
4.90 CLAY, grading to SILT iu basal 60 cm. Intraformationally brecciated and burrowed (at 
109 m? with some laminated intervals, Well developed alunite streaks, which decrease іп abun- 
dance with depth, being absent at the base. 6Y R6/1-6/2 grading to N8 at base, 70 cm core 
missing at various intervals, mainly near 1ор. Basal contact irregular, disturbed. 

10,50 CLAY grading to SILT at 144.4 m and SAND at 119.4 m. Clay intraformationally 
breceiated, 15-2525 very angular to subrounded sand. Silt micaceous, Sand micaceous, cross 
bedded іп 30 cm seis, and laminated, fine grained, well sorted, Grains angular to subrounded, 
База! contact gradational, Weak alunite horizon 50 сіп below lop of unit, absent at 115 m. 
Colour 5YRS/1 above alunite, N8 below, 2,1 m core missing in silt and sand beds. Wavy in- 
disunct lower contact, 
0.70 SILT. | 

1.45 SAND. Micaceous, Jaminaled, obscurely cross-bedded. Fine grained and moderately well 
sorted. Sharp lower contact, 70 em core missing in centre of unit. 
3,10 SAND. Minor clay at top, fine grained micaceous sand in centre, lower half grading to 
very coarse sand at base, Subangular to subrounded, large grains highly polished composites. 
Mostly no core, there being 50 cm recovered. Basal contact sharp, 
945 SILT and CLAY (below 129 m). Clay, nodular, dark brown, sill greenish white. Sandy 
patches, Sand grains often show crystal faces—bipyramids. Indistinct contacts observed at 
129,25, 129.4, 129,6 associated with weak alunite horizon. Colour I0YR6/2-5Y8/1 in this 
zone. Below 131.80 irregular shiny surfaced fractures and some alunite specks, Colour 
5Ү5/1-4, 5Y3/1. 17% silt. Grains very angular io angular. Much vore missing throughout. 
recovery 40%. 

WILLAWORTINA FORMATION SUPPLEMENTARY OUTCROP SECTION 


——?Disconiormity — 


“Wertaloona” Homestead Area. Section |, Fig. 3 
WILLAWORTINA FORMATION 


Unit 9, 


37,9 COBBLES, Brown quartzite cobbles in а matrix as for unit f. Basal bed of almost 100% 
erey-blue Limestone Ас ж Rare red sandstone, quartz and yellow-brown silicified. carbonate 
cobbles in float. Exposure poor, top па! exposed. 

492 SANDY CLAY, red brown. 


20.8 COBBLE to BOULDER beds. Matrix as for unit 6, cemented with secondary white car- 
bonste which may be powdery and soft, or hard vughy and crystalline. Cobbles of brown 
quartzite with 20% blue-grey limestone (resembling Cambrian limestones). Rare very large 
boulders of grey massive microcrystalline quartzitic silerete with large milky quartz pebbles. 
13.0 (approx.) CLAY SAND. Red brown very poorly sorted and calcareous, 


2.0 (арргах.) COBBLES. Brown quartzite cobbles scattered through matrix as for unit 4. 
Lenses out along strike. 
7.0 (approx.) CLAYEY SILT SAND. As for unit 2. 
1.0 (approx) PEBBLY COBBLES, Аз for unit 1. more matnx, thin and lensing along strike. 
рды Гарри) CLAYEY SILT SAND. Red brown, with a calcareous matrix, sametimes thinly 
aminated, 
AU (approx.) COBBLES. Brown auartzite pebbles and cobbles іп calcareous red-brown silty 
sand, lenses of calcareous medium sand at base. The sandstone fills channels, which have 
groove casts on the base. Cementation is weak, and pebbles weather out readily with thin cal- 
careous crusts. Proportion of matrix low. The unit cuts into deep red brown clayey silt, 
probably Namba Formation. Although the contact here is sharp. there may be an inter- 
tongning relationship along strike. The unit grades laterally to the south into pebbly clayey 
sandstone, 
The following part of the section is poorly exposed, and is yet to be fully described; 

— Disconformity — 


ОЧАМВА FORMATION 
(20 SAND. Very fine greenish sand grading up inte silty grey-green clay with gypsum patches. 
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7.2 CALCAREOUS SANDSTONE. Very angular sand with soft crystalline carbonate cement. Contains 

рада of very angular sandstone, carbonate, rounded brown quartzite, polished milky quartz, chert 
ranules. 

5 2 CLAY. Dark green-grey clay with greenish-yellow-stained patches, slightly sandy, Thin white nodu- 

far dolomicrite is present near the base, апа may be a facies variant of the previously described înît, 

8.2 SAND, Reddish to greenish silty fine to medium sand. 

5.2 CALCAREOUS SANDSTONE, Essentially a sandy limestone with about equal quantities of 

medium grained angular sand and lime. Weathers grey, With a sculptured rough surface. 

144,7 CLAY. Grey green to olive, greasy irregular fracture, sandy and silty. Minor dark olive to grey 

clay. Mottled with red-brown iron oxides. The interval 430—350 m (measured from top of the unit 9 

in the Willawortina Formation section) is very poorly exposed and deeply weathered. 

Near the top of these beds in the northern part of the area, is a thin white dolomicrite bed. 


— Discanfarmity — 
УКЕ FORMATION 
2.0 SANDSTONE. Massive calcareous medium grained sandstone, partly silicifed, and capped bv rem- 
nant silcrete, dipping with the sectian. 
2,0 CONGLOMERATE, Granule to pebble-sized polished white guartz, grey chert, ironstone, Pebhle to 
cobble-sized angular Middle Cambrian sandstone. All in medium well-rounded sand matrix, cemented by 
calcium carbonate, Pebbles are patchily distributed, and the whole crops out as a low ridge with caver- 
nous weathering and of brownish grey colour. Medium scale cross-bedding is prominent. The unit has 
an ИЧЕР unconformable relationship with the underlying Middle Cambrian red-beds, though dips arc 
similar, 


Appendix П 
YOUNGER CAINOZOIC UNITS 
FIG, 15 SECTIONS 2-9 
(See Fig. 1 for locations, and main text for access and photo points) 
SUPPLEMENTARY SECTION, COONARBINE FORMATION 


SECTION 2 
COONARBINE FORMATION 
17 SANDY SILT. with basal pebble bed. Sand dark brown (5Y R3/5). Size varies from silt to very fine 
sand, moderately poorly sorted. No bedding planes visible. Columnar structure well developed. Basal 
clasts may be small cobble size, and are of metamorphic rocks and quarz, 


— Disconformity — 
EURINILLA FORMATION 
2,2-2.5 CLAYEY SILT-SAND. Very poorly sorted, with irregular-shaped frosted or pitted grains, Con- 
lains pebble lenses (though not in the figured section) and large irregular aphanitic greenish white 
sandy carbanate мрз, The latter are probably derived from the upper carbonate in Wooltana 1 bore 
{section 11, Fig. 3). At top of 0.5-L cm diameter branching vertically oriented cylindroids of pinkish 
“chalky” textured carbonate, representing a fossil soil horizon. 
— Disconformity — , 
0.2 CALCAREOUS SAND. Pebbly sand (coarse grained), solidly cemented by pinkish buff (5YR7/2) 
carbonate, Colour derived mainly from orange-stained quartz grains. Laminated and thinh bedded, Beds 
dip, suggesting cross-bedding is present (outcrops seen іп plan only, in creek bed). 
Possibly represents. Willawortina Formation, ог unnamed conglomerate equivalents of Millyera Forma- 
Don. 
SUPPLEMENTARY SECTION, CON TS FORMATION, EURINILLA FORMATION 
aC 
Location, Curnamona Siecus map sheet, Air photo ref.: S. Aust. Dept. Lands Svy, 361, run 2, photo по, 
4442. The section is situated on the northwestern bank of the Pasmore River, close to the point where it 
debouches in to Lake Frome, 
RECENT 
0.00-1.20 Mobile bright red-hrown dune sand, sharp erosional contact with underlying units. 


— Disconformity — 
COONARBINE FORMATION 
1003.50 SAND. Yellow-brown, with large scale dune-type cross-bedding, Sharp erosional basal con- 
tact, A lag of pebbles (eroded from the Eurinilla Formation) 18 al the base, 
Numerous broken mature snail shells are present in the upper part of the unit. Aboriginal artifacts, cal 
cified iree roots, emu shell, and vertebrate bones occur m the uppermost. level (or possibly on the 
upper surface in the case of the artifacts and emu shells). 
Strongly developed columnar structure is present (resulting from soil processes). 


— Disconformity — 
EURINILLA FORMATION 
1.80 PEBBLY CLAY-SILT and SAND, Sand at base, medium-grained, yellow brown, numerous 
pebbles and rare flat cobbles, cemented by gypsum. Pebbles are milky and clear quartz, and very angu- 
lar fragments of calcite-cemented conglomerate, overlain by bright red-brown silty clay 


Unnamed Conglomerate (7Millyera Formation equivalent) 
һ.15 CONGLOMERATE, Thin. calcite cemented. Pebbles weather out without adhering crast. Pebbles 
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as for overlying unit plus ?Nantiba Formation dolamictite. and brown carbonate nodules from Willawor- 
tina Formation. Carbonate penetrates into top of underlying bed, 


— Discontormity — 
WILLAWORTINA FORMATION 
245 SILTY CLAY. Sandy, preenish-brown with red-brown mortle& hard. Patches of gypsum nodules. 
Partly calcificd at top. Blocky columnar structure visible (resulting From soil processes). Upper contact 


sharp, undulating. 
MILLYERA FORMATION TYPE SECTION 
SECTION 4 
030 SAND, Reworked from older unit into base of dunes, 
0.70 SAND. Coarse grained, with many gypsum grains and anomalous pebble sized angular quartz 
(milky), Powdery hummocky gypsum often developed at top (soil profile), 


— Disconformity — 
EURINHLLA FORMATION 
1.10 CLAYEY SAND. Very fine-grained, sub-rounded to rounded. good sphericity, moderate sorting. 
Numerous charophyté oogonia. Many greenish, yellow and brown grains, Colour SYR5/6, Capped һу 
gypsum crust, of gypsum nodules in clayey sand (groundwater deposit), 


— Disconformity — 

MILLYERA FORMATION 

Unit 7. 0,50 CLAY. Soft, conchotdal fracture. Contact with overlying Eurinilla Formation sharp and 
fiut. Very dark yellowish brown. The oxidized crumbly appearance and shiny surfaces (cutans) 
on Crumbs suggest soll processes have operaled, und indicate а disconformutly between Millyera 
and Evrinilla Formations, 

Unir. O40 SAND. Very fine to medium erained. Grains subangular to rounded and frosted. Charo- 
тһуіе oogonia „5%. Grades hy alternation, to... | 

Unit 5, 0.50 CLAYEY SAND. Sand fraction well-soried, with subangular to angular rounded grains, 
sharp fiat upper contact. Greenish yellow (1077/2). 

Units, | 0270 CLAYEY SAND. Interbedded thin clay and very fine to fine clayey sand 0.25-0,50 mm 
thick. The sand is very well sorted, with subrounded to rounded high sphericity frosted grains. 
Darker oxidized clay present. Yellowish grey (35Y7/2). Lower contact zradational, 

Unlt3. 0.30 CLAY as for unii 1. 

Unit 2. 0,40 LIMESTONE and CLAY, Near the top of the sequence each clay Jamina grades up to 
charophyte stem-mould limestone (up to E cm thick), These limestone beds harden on weather- 
ing, producing sheets and slabs with à metallic ring when struck. Intervening lamellae are 0.5— 
2 om thick. Some of ihe Charales tubules are oriented and small turreted gastropods ail. 
"coxiella" are present. (henceforth referred to as "Coxiella"]. An oxidized zone exists beneath 
the limestone, The limestones form a distinctive marker horizon 20-30 cm thick. Contact with 
unit | and unit 3 are gradational hy alternation. 

Unit !, 010 CLAY, brittle, soft, waxy lustre. Distinctly laminated and thin bedded (1-5 cm), each 
lamine grades up to а thin fine silt layer with charophyte oogonia and Ostracoda, White car- 
bonate granules occur near the base of the sequence, Scattered medium polished or frosied 
quariz grains, sometimes up to 400% of the rock, occasionally forming sand lenses Yellowish 
grey (3Y6/2—crlay, lighter for sand), Base По! exposed. 

SUPPLEMENTARY SECTION, COONARRINE FORMATION, EURINILLA FORMATION, MILL- 

YERA FORMATION 
SECTION 5 

0.00-3.50 SAND, Red brown sand of modern dunes reworked from Coonarbine Formation. 

COONARBINE FORMATION 

1.00 SAND, Light brown. Numerous vertically oriented small cylindroids of soft white carbonate, of 

soil profile. Emu shell, aboriginul artifacts and rare mature snail shells occur in uppermost level, Forms 

longitudinal dunes. 


EURINILLA FORMATION | 

Unit 2. 4.00 SAND, fine to medium praited, with subaneular rough or pitted grains, poorly sorted. 
Siratification absent. Grades to unit 1 over short distance. Light brown (SYR4/7). 

Unit 1 4.00 SAND, medium grained, brawn (SY R6/5), lighter coloured beds alternate near base, 
Cross-hedded, sets 40 cm, lensing, gently curved coarse and fine laminae, sharp eroded upper 
contacts, assymptotic bottomsets. Laminae 0.5-1 cm, by variation in clay content. Sets ате 
gently inclined toward Lake Millverz. Numerous eharophyte oogonia. 

Lightly cemented with clear or white finely crystalline carbonate. Pinkish irregular nodules, 
weathering as brown lumps and slabs on surface. Carbonate gives white cast to this part of the 
section, and causes slight benching, Partly cemented with massive gypsum in the basal layers. 


— Disconformity — 

MILLYERA FORMATION 

Unit 5,  1,60-2,50 CLAY, Very hard, shiny irregular fractures, coated with black iron oxide and While 
carbonate al top (soil horizon). Impregnated with vertically oriented gypsum masses, іп 5— 
10 cm columns (fossil groundwater horizon] at tap. No silt content. Colour 10Y 6/2, Similar 
fo Willawortina Formation. Upper contact sharp, flat. Grades down го light green soft clay in- 
lérbedded with very fine grained white sani) mch in charophvyte oogonia Intertongues with 
unit 4, 


— Discanformity — 


CAINOZOIC ROCK UNITS 165 


Unit 4, 4.00-5.00 SAND. Sill to very fine grained sand, with coarse lenses. Numerous thm 0,5-4 cm 
clay beds and lameline near top, which are crowded with algal tubules (charophiytes), Some 
гате massive charophyte crusts consisting entirely of strap-like algal forms with mutherous 
large oogonia. Charophyte oogonia common in upper sands. Clay pellet layers common. Sand 
grains are subrounded to well-rounded smooth or frosted, with moderate sorting. Small scale 
cross-laminated sets, 1D cm thick, with curved laminae. 

Upper surface may be cemented with gypsum of a fossil groundwater horizon. 

Unit 5,  0,00-0.93 SAND. Very fine grained, well sorted. Colour 5Y K6/8. Impregnated with massive 
gypsum and disc-shaped crystals of gypsum, Grades by alternation of 1—4 cm thick beds into 
overlying unit, in which it forms a lense, Contacts between lamellae are wavy, lenticular, and 
fippled in some. cases. Resembles Tirari Formation, Basal angular quartz granule Layer, often 

Xy Дераа on underlying gypsum sediment, 

Unit 2. 025 LIMESTONE-GYPSUM. Greenish slightly sandy clay with 20 cm of interbedded thin 
(0.5 cm) gypsum laminae at top, which grades laterally into Laminated algal stem (rubnles of 
сһаторһугев) limestone. The limestone and gypsum contain charophyte oogonia. The eypsum 
contains scaltered very coarse sand grains, and surfaces are assymetrically ripple-marked, or 
have botryoidal “pul” structure, 

Unit |. 4,70 SAND. As for unit 4. Orange and yellow stained, especially near base, greenish where un- 
oxidized. Reworked distorted clay fragments from underlying units at base. 


— Disconformity — 
NAMBA FORMATION 
3.28 SILTY CLAY, grey to black, tough. Grading down to grey, clayey, poorly sorted fine sand. Greasy 
шге on iregular fracture surfaces. Gypsum patches and cracks at top infilled with overlying sand. 
SUPPLEMENTARY SECTION, MILLYERA FORMATION 


SECTION 6 
EURINILLA FORMATION 
At least 2.0 bright ced brown SANDS. 


MILLYERA FORMATION 

Unit?, 6.20 CALCAREOUS SANDSTONE. Very fine to medium grained moderately sorted sand, 
30% carbonate, Grains pitted or frosted, subrounded to rounded, alternates with very fine 
sand. Coarser sand contains charophyte tubules and rare oogonia, Some pink and black sand 
caps rate carbonate grains, Weathered colour white (№10), unweathered greyish yellow 
é ), 

Elsewhere passes to hard platy limestone identical with 2. Impregnated with numerous white 
gypsum cylindroids. Gradational contact with f. 

Unit f. 0.62 SAND. As for sand in 3 but uncemented, distinct contact with 5. Colour moderate red- 
dish yellow (2Y7/4), 

Unit5. 1.20 CLAYEY SAND. Moderately sorted, with black and orange grains scattered through- 
out, Jrregularly cemented into very hard massive nodules and sheets by fine grained white to 
pink carbonate. Yellow and brown mottling common near base, white gypsum and carbonate 
spots throughout. Yellowish grey (5Y6/2). 

Unit4, 025 SAND, SILTY CLAY. Grades from clay to very fine sand, grains poorly rounded, 
Colour yellawish (5Y7/2) oxidized to moderate brown (SYR6/7) in patches. 

Unit2, 0.5 LIMESTONE, CALCAREOUS CLAY. Varies laterally from burrowed soft calcarecus 
clay, with 30% silt to fine sand, to hard sandy white limestone, ‘The former has 1-2 mm 
diameter vertical burrows (insects?) and the latter has scattered charophyte oogonia and 
shrinkage cracks. The base of the burrowed horizon is gradational, and lumps of the underly- 
ing unit are worked into it. 

Unit? 010-020 LIMESTONE. Laminated, platy, hard, metallic ring when struck. Constitutes 
numerous tubules of charophytes, and patches of “Coxiella”, Contact with 4 not observed, 
contact with 1 distinct, undulating. 

Unit], (0,50. On east side of channel, SAND, very fine grained, nodular white carbonate at lower соп. 
tact, Pale grey, Massive carbonate-cemented al top with shrinkage phenomena apparently te- 
lated to drying of carbonate. 

On west side of channel. CLAYEY SAND. Moderate to well sorted, angular grains, Yellow- 
ish grey (5Y6/1) but speckled yellowish green, Grades up into unit 3. 

NAMHA FORMATION 

0,10 Black tough clay, Sharp fiat upper contact. 

EURINILLA FORMATION AND COONARBINE FORMATION TYPE SECTIONS; MILLYERA 

FORMATION SUPPLEMENTARY SECTION 
SECTION 7 


Modern dune sands 
— Disconformity — 


— Disconformity — 


COONARBINE FORMATION 

Unit4. 0.70 SAND, very fine 10 medium grained, silty, Fine size dominant, well sorted. well 
rounded, frosted. Light brown (5YR5/6). Al top is 20 cm of soft white carbonate, consisting 
of 0,5 cm cylindraids and tubules (plant roots?) with 1-2 cm lumps at the top, grading to 
blotchy white carbonate as for unit 2. 
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Uni 3. 1,62 SAND, bimodal, medium-coarse айа very fine to finc. Bimedalily disappears downward, 
grain size becomes finer, and sorting poorer, Some patches of white sand are present in the 
essentially moderate yellowish orange (9Y R5/6) coloured sequence. Top із moderate reddish 
brawn (3YRS/6). Large scale cross-bedding is just visible. A well developed fossil carbonate- 
rich soll horizon marks the top, Tt is 50 cm thick and consists of moderately hard rather 
irregular nodules and cylindroids, and gypsum cylindroids. 

Unit, 1.80. SAND, fine-grained ranging to coarse, grades down to CLAY-SILT, Moderately poor 
sorting. No signs of stratification. Colour light brown to reddish yellow (6Y R5/6-3YRS/8). 
Weakly developed whitish carbonate patches ut top (soil horizon]. 

Unitl, 100 SAND. Bimodal; on medium-coarse grained nad very-fine grained boundaries. Dark red 
brown (2Y R4.5/6]. Indistinctly horizontally laminalex!, upper contact sharp and fiat, lower 
contact obscure, apparently gradational, 


— Disconformity — 

EURINILLA FORMATION | 

Unit3 3.50 SAND, as абоуе Solour light brown (7YR6/4), Constitutes a single cross-bed set, Con- 
tact with unit f, sharp, inclined, flat. Irregular gypsum as for unit L at base, Upper 10-20 im- 
pregnated with carbonate (1OYR7/3) of a fossil soif horizon. 

Unit2. 4.00 SAND, friable, fine to medium grained, bimodal. Course fraction well rounded, 
dominant, colour light brown (6YR$5.5/6). Constitutes a single cross-bed set, with low angle 
cross-bedding. Contact with underlying unit sharp, undulating, cuts well down into unit 1, 
Patches of very irregular tubules, nodules and cylindroids of gypsum occur at the top, 

Uniti 08S SAND, Medium zrained, sob-rounded to well-rounded grains wilh very fine grained 
angular proportion (bimodal). Numerous coloured grains, opaques and biotite present, Silty 
brown clay with gypsum forms pebble sized clasts, and clasts of underlying limy sandstone 
are present, Cross bed sets planar, 8-10 cm. Charophyte oogonia very common, and fragmen- 
tal vertebrate bones present. White colour, Lower contoct erosional, 


— Discontormity — 
MILLYERA FORMATION . 
11 LIMY SANDSTONE, Very fine to medium grained moderately sorted clear-grained quartz sand 
with 30-40% finely crystalline soft carbonale cement, Sand grains pitled or shiny, angular to sub- 
rounded. Some grains of feldspar and ferruginous sandstone, flakes of hematite. Thin section shows 
carbonate has recrystallized into radiating spherules, resembling some groundwater carbonates, 
2.8 SAND, SILT. Silt 10 fine sand, 1-5% clay-carbonate matrix, forms strong cement by reason ol poor 
sorting of framework grains, Very poorly sorted with sub-rounded to very sngulur grains. Hard and 
red-white mottled, 


SUPPLEMENTARY SECTION, EURINILLA FORMATION 
SECTION 8 
Locality: CURNAMONA, Evrini/le map sheets. Air photo rer: S. Aust. DepL Lands 5уу, 161, riin 5; 
photo no. 4396. The section is situated on the west side of Lake Ріпра, approximately 50 m north of the 
anly track crossing the Јаке. 
Modern sand dunes 
0,0-4,0 SAND. Fine іп medium grained, moderately sorted. SY R5/8. Strongly erosional base. 


— Disconformity — 
ICOGNARBINE FORMATION 
0.50 SAND, Very fine to medium (averaging fine grained), poorly sorted, with sub-angular to suh- 
rounded polished or frosted grains (4Y R5/8). Еговіопа! basal contact, 
This unit may represent the Coonarbine Formation. It forms the basis of the longitudinal dunes. 

— Disconformity — 
0.25 SAND. Very fine to fine, rather poorly sorted. clayey, Grains irregular, subaneular, tough. Colour 
SYR4/7, Soft patchy carbonate well developed, with pipe like structure 5 cm diameter, This is a soil 
horizon, and has a similar development to those of the Furinilla Formation. The lithology is also simi- 
lor hut there 15 a distinct contact at the base which appeared slightly erosional. The unit may be part 
of ihe EURINILLA FORMATION. 


EURINILI.A FORMATION 

Unt3, 100 SAND. Clayey, very fine to fine, poorly sorted. Angular to sub-rounded frosted and 
coarsely pitted sand grains. Colour 3Y'R5/8, Well developed secondary carbonate profiles 
constituting soft sandy pinkish white lime in lumps amd cylindroids 1—5 cm across which 
weather Gul. In lower part of sequence fractured himps 10-20 cm are common. The car- 
honate profiles form numerous Jayers, concentrated toward the top of the unit, and represent 
soil development (hence intermittent deposition is indicated). 

Unit2, 5.33 SAND, Poorly sorted silty, slightly clayey fine grained, rounded (2,5Y R4/8). Grades im- 
perceptibly into overlying unit 

UNNAMED CONGLOMERATE (?MILUYERA FORMATION equivalent) 

Unit l. 0.9 Interheddef CONGLOMERATE, SAND and CLAY. Consists of basal sand Joosely 
cemented with calcium carbonale, cross-hedded on medium scale. Micaceous, At the hase of 
this sand bed are granule size quam? (grey, clear, dark grey, yellow), pebble size clasis of 
erey clay and subrounded calcareous orange-brown clay. Also large grains ОҒ brown perthite 
feldspar. Maximum grain size is 1.5 x 2 cm, 


— Disconformity? — 


